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Abstract 

The rare moss Acaulon schimperianum (Sull.) Sull., formerly known only from North America, is reported from China and 

represents a new record to East Asia. Distinctive features of this Acaidon species are the presence of teeth on the margin of 

the upper leaves and the laminal cells are strongly papillose abaxially. In China this species was found on exposed dry soil, 

a microhabitat similar to that of the known North American occurrences of the species. 

Introduction 

During a recent bryological excursion in Inner Mongolia of China, we collected a special species of Acaulon, 
which later proved to be a rare moss in Loess Hilly region of China. The plants do not belong to any of the 
known East Asian species of the genus. Crum and Anderson (1965) described Acaulon schimperianum (Sull.) 
Sull. in North America, which was found to be similar to our plant in many aspects. After a comparison of North 

American specimens with our collections, it was confirmed that our plant is A. schimperianum, representing 
a new addition to the East Asian moss flora. This Chinese record is floristically and phytogeographically 
important as it extends the known distribution of A. schimperianum and represents a ‘bridge’ between East 
Asia and North America. 

Acaulon schimperianum (Sull.) Sull., in Sull. & Lesq., Musci Boreali-Americani, edition 1,26 (1856). 

Phascum schimperianum Sull. in Gray, A Manual of the Botany of the Northern United States, edition 2, 615 
(1856). 

Type: United States of America: Prope San Marcos in Texas, Charles Wright s.n. (MO) 

Plants minute, 1-1.5 mm high, gemmate, yellow-brown, loosely caespitose. Stems unbranched, very short, to 
0.5 mm long, 0.1-0.19 mm diam., round in transverse section, without central strand. Leaves few, strongly 
appressed, ovate or broadly oblong-ovate, deeply concave and keeled, inner leaves larger than outer, 0.9-1.2 
x 0.5-0.6 mm; margin recurved, unevenly serrate on upper half or less, with teeth spreading or somewhat 

recurved and slightly forked at tips; apex broadly acute, 0.2-0.4 mm long, with awn brown; costa filling 
awn, weak and lacking near leaf base; upper cells rhombic, slightly concave, 31.2-41.6 x 13-15.6 pm, walls 
evenly thickened, smaller and shorter at margin and apex, bearing one low or fairly stout, blunt, laminal cells 
papillose abaxially; basal cells rectangular, slightly wider than upper cells, 57.2-117 x 13-23.4 pm, walls thin, 
smooth. Dioicous. Perichaetia terminal, inner leaves somewhat enlarged. Seta very short, slender, 0.2-0.3 mm 
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long, 40-45 pm diam., slightly curved; capsules deeply immersed, sphaerical, apiculus lacking, 0.4-0.5 mm 
diam., yellow-brown, smooth, cleistocarpous. Spores spherical, 33.8-39 pm diam., brown, densely and finely 
papillose. Calyptra not seen. 

Specimen examined: CHINA: Inner Mongolia Province: lunger Banner, (39°34.003' N; 111°21.947' E,), elev.: 1263 m, Tian 

2012026, 10 Jun 2012 (HIMC, NMTC, NY). UNITED STATES OF AMERICA: Arizona: Tucson Mountains: on ground 

under shrub along dry wash, Haring 3014, 5 Dec 1944 (NY); near Old Tucson, on ground in desert, under palo verde, 

Haring 3419, 11 Apr 1945 (NY); San Xavier Mission near Tucson, on ground under creosote bush along wash, Haring 

3529, 13 fan 1945 (NY); foothills, on ground along ravine, Haring & Phillips 3535, 6 Jan 1945 (NY); east side, along dry 

wash under bushes, Haring & Haskell 3536, 22 Dec 1944 (NY); E. foothills, on ground among shrubs along wash, Haring 

& Phillips 3549,6 Jan 1940 (NY); Santa Catalina Mountains, on soil, Phillips & Haring2335, 1 Jul 1941 (NY). 

Distribution (Fig. 1.): United States of America (Zander 2007), Mexico (Crum and Anderson 1965), China. 

Ecology: In China, Acaulon schimperianum occurs in the Junger Loess Hilly region in a semi-arid continental 
climate with typical Stipa bungeana Trin. steppe vegetation (Liu et al. 1998). It grows mixed with Didymodon 
vinealis (Brid.) Zand., Crossidium crassinerve (De Not.) Jur., Microbryum davallianum (Sm.) Zand., Barbula 
unguiculata Hedw., Bryum argenteum Hedw. and B. bicolor Dicks. Based on data provided by the meteorological 
stations, the local average annual temperature is 5-7°C; mean annual precipitation is 300-450 mm and relative 
humidity is 30-45%. The locality where the species were collected had been used for agricultural development 
in the past, and the S. bungeana vegetation has become a Leymus chinensis (Trin.) Tzvel. community after 
natural restoration and reconstruction of abandoned farmland. Here the soil is relatively dry, with a high 
clay content. According to Crum and Anderson (1965, 1981), the Chinese locality has the same basic habitat 
characteristics of exposed dry soil in old agricultural fields, as that in North America. Acaulon schimperianum 
is characterized as a short-lived shuttle species that grows as pioneer mosses in occasionally moistened and 
disturbed habitats (During 1992). 

Acaulon schimperianum has long been considered endemic to North America, and the presence of this species 
in China is probably mostly likely due to the long distances dispersal of spores (Crum 1972). However, the 
migratory route is currently unknown, so the collection of more specimens and molecular phylogenetic analysis 
would be of interest. The strong bryofloristic links between East Asia and North America have been well 
discussed by Ando (1972), Iwatsuki (1972), Iwatsuki and Sharp (1967,1968), Ochi (1972), Schuster (1983) and 

Wu et al. (2001). The new Chinese records of Acaulon provide more evidence for the close phytogeographic 
relationship between East Asia and North America. 

Note: The outstanding features of A. schimperianum from China are the same as that from North America. 
The features include yellow-brown leaves (Fig. 2A), costa weak and lacking near the leaf base (Fig. 2D), 
unevenly serrate in the upper half (Fig. 2E), subcentral papillae on the abaxial leaves (Fig. 2F, 2G), and spores 

Fig-1 . Distribution of Acaulon schimperianum 
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Fig. 2. Acaulon schimperianum. A. Plant with sporophyte. B. Sporophyte with perichaetial leaves. C, D. Leaves. E. Apical 

leaf cells. F, G. Median leaf cells. H. Basal marginal leaf cells. I. Spores. 
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with densely and finely papillose (Fig. 21). Acaulon schimperianum bears some resemblance to the European 
A. casasianum Brugues & H.A.Crum (Brugues and Crum 1984). The latter differs in the following aspects: 
It has leaves that are whitened on the leaf tip and margin; the marginal serrations are larger, consisting of 
the projecting ends of adjoining cells and thus appearing double, often ending in a branched papilla; and 
the spores are smaller (22-26 pm). It is quite different from A. triquetrum (Spruce) Mull. Hal., another 
Chinese member of the genus, which has smooth cells in the upper leaves and dentate only near the apex 
(Bai etal. 2006). 
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Abstract 

Two new species, Pertusaria marcellii and P. saxatilis, are reported from Brazil and the new combination Pertusaria ferax 

(Miill.Arg.) A.W.Archer & Elix [basionym: P. torquatella Miill.Arg. (3 [var.] ferax Miill.Arg.] is made. 

Introduction 

An investigation of material obtained in a recent loan of South American material from the Botanical Museum, 
University of Helsinki, Finland (H) revealed the presence of two Pertusaria species new to science from Brazil. 
In addition, a new combination is made. In the present work chemical constituents were identified by thin- 
layer chromatography (Elix & Ernst-Russell 1993), high performance liquid chromatography (Elix et al. 2003) 

and comparison with authentic samples. 

Taxonomy 

Pertusaria marcellii A.W.Archer & Elix sp. nov. Fig. 1 

MB 805643 

Similar to Pertusaria ochrostoma Miill.Arg. but differs in having smaller ascospores and in containing 
4,5-dichlorolichexanthone rather than lichexanthone. 

Type: Brazil, Sao Paulo, Mun. Campos do Jordao, Parque Estadual de Campos de Jordao, road from Horto 
Florestal to Sao Jose dos Alpes, 22°43'S, 45°31'W, alt. 1400-1500 m, on Podocarpus, M.P. Marcelli, T. Ahti & 
O. Yano 26395, 9 Dec 1993; holotype: H; isotype: SP28375. 

Description: Thallus off-white to pale olive green, thin, surface subtuberculate and dull, lacking isidia and 
soralia, corticolous. Apothecia verruciform, conspicuous, scattered or sometimes confluent, flattened 
hemispherical, constricted at the base, concolourous with the thallus, 1—1.5(—2) mm diam., 0.5-0.8 mm 
tall. Ostioles inconspicuous, pale brown, submammiform, 1-5 per verruca. Ascospores 4 per ascus, hyaline, 
ellipsoid to subfusiform, inner wall smooth, 100-125 pm long, 30-37 pm wide. 

Chemistry: K+ weak yellow; C-ve; KC-ve; Pd+ yellow; 4,5-dichlorolichexanthone (minor), constictic acid 
(major) and stictic acid (trace). 
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Fig-1 . Pertusaria marcellii, A.W.Archer & Elix, holotype; scale bar = 1 mm 

Fig. 2. Pertusaria saxatilis A.W.Archer & Elix, holotype; scale bar = 1 mm 
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Pertusaria marcellii is characterised by the relatively large apothecia, asci with 4 ascospores and the presence 
of 4,5-dichlorolichexanthone and constictic acid. The ascospores are smaller than those in P. ochrostoma Mull. 
Arg.( 100-125 pm long compared to 125-160 pm long in P. ochrostoma) and the two species differ chemically 
Constictic acid is rare as a major component in Pertusaria and is usually present as a minor to trace compound 
together with stictic acid. Constictic acid also occurs as a major compound in P. ochrostoma, but co-occurs 
with lichexanthone. Pertusaria delicatula Miill.Arg., a species described from Brazil, also contains constictic 
acid as a major compound (with stictic acid and 2-chlorolichexanthone) but this species has asci with eight 
ascospores. 

The corticolous species P. tetrathalamia (Fee) Nyl. also has four ascospores per ascus, (53—)103(—168) pm 
long, (21-) 35 (-53) pm wide and contains 4,5-dichlorolichexanthone and stictic acid (Dibbenl980) but 
the asccospores have a rough inner wall, in contrast to the smooth inner wall present in the ascospores in 
P. marcelli. 

Other species with 4 ascopores per ascus and with 4,5-dichlorolichexanthone and stictic acid (but lacking 
constictic acid as a major compound) include the European isidiate species P. coronata (Ach.) Th.Fr.; 
P. hypochrysea Vain., from Tahiti, with flattened apothecia; the Northern Hemisphere species P. leioplaca DC, 
also with flattened apothecia. P. caesioumbrina Eitner, ascospores 60-90 pm long and P. glauca Zahlbr from 
Japan, spores 150-185 pm long are differentiated from P. marcellii by the size of the ascospores. 

Etymology: The species is named in honour of the Brazilian lichenologist, Dr. Marcelo Pinto Marcelli, Institute 
of Botany, Sao Paulo. 

Pertusaria saxatilis A.W.Archer & Elix sp. nov. Fig.2 

MB 805644 

Similar to Pertusaria consanguinea Miill.Arg. but differs in containing 2-chlorolichexanthone and 
2'-0-methylperlatolic acid rather than lichexanthone and 2'-0-methylperlatolic acid. 

Type: Brazil, Minas Gerais, Serra da Piedade, road to summit, north slope, 19°49'S, 43°50'W, alt. 1300 m, 
on ferruginous rocks, M.P. Marcelli, T. Ahti & O. Yano 28230, 5 Sept 1993; holotype: H; isotype: SP263767. 

Description: Thallus off-white to pale grey, thick, cracked, surface smooth and dull, lacking isidia and soralia, 
saxicolous. Apothecia verruciform, conspicuous, scattered, sometimes crowded or confluent, flattened 
hemispherical, 1-1.5 mm diam. Ostioles inconspicuous, black, punctiform, 1 per verruca. Ascospores usually 
8 per ascus but sometime fewer (6 or 7), colourless, ellipsoid to subfusiform, inner wall smooth, 75-90 pm 
long, 30-37 pm wide. 

Chemistry: K-ve; C-ve; KC-ve; Pd-ve; 2-chlorolichexanthone (major), 2-0-methylperlatolic acid (minor) 
and 2-O-methylstenosporic acid (trace). 

Pertusaria saxatilis is characterised by the off-white thallus, the verruciform apothecia, asci usually with 
8 ascospores and the presence of 2-chlorolichexanthone and 2’-0-methylperlatolic acid. It is distinguished 
from the saxicolous, Brazilian P. rudecta Miill.Arg. (Muller 1884) by the eight-spored asci (4 ascospores per 
ascus in P. rudecta) and the presence of 2-chlorolichexanthone and 2-0-methylperlatolic acid (rather than 
4,5-dichlorolichexanthone and norstictic acid present in P. rudecta). 

As far as is known at present, there are no other saxicolous species of Pertusaria with asci with eight ascospores 
and containing 2-chlorolichexanthone as the sole xanthone. The saxicolous Australian species P. lax at a Mull. 
Arg. and P. lophocarpa Korber each have asci with eight ascospores and contain 2'-O- methy I per I ato I i c acid 
but with 4,5-dichlorolichexanthone. 2-Chlorolichexanthone is found as the sole lichen compound in the 
corticolous species P. torquatella Miill.Arg. (vide infra) and occurs with constictic acid in P. delicatula Mull. 
Arg. (vide supra); with stictic acid in P. cryptostoma Miill.Arg (vide infra); with 2-O-methylstenosporic acid 
in P. boweniana A.W.Archer & Elix and with divaricatic acid in P. orarensis A.W.Archer & Elix. 

Etymology: The epithet saxatilis is Latin, dwelling or found among rocks. 

Pertusaria ferax (Miill.Arg.) A.W.Archer & Elix, comb, et stat. nov. 

MB 805757 

Basionym: Pertusaria torquatella Miill.Arg. (3 [var)ferax Miill.Arg., Flora 67: 397 (1884). 

Type: Brasilia meridionali ad Novum Friburgum [Novo Friburgo], Glaziou s.n., anno 1882; holotype: G. 

Description: Thallus dull fawn, coarsely areolate and cracked, surface smooth and dull, lacking isidia and 
soralia, corticolous. Apothecia verruciform, numerous, crowded, often one per areole, sometimes confluent, 
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distorted hemispherical, c. 0.5 mm diam., concolourous with the thallus. Ostioles inconspicuous, black, one 
per verruca. Ascospores colourless, ellipsoid, 8 per ascus, 2-seriate, 40-54 pm long, 20-25 pm wide. 

Chemistry: K-ve; C-ve; KC-ve; Pd-ve; 2-chlorolichexanthone (minor), 2,5-dichlorolichexanthone (major), 
2,4-dichlorolichexanthone (major) and 2,4,5-trichlorolichexanthone (major). 

Pertusaria ferax is characterised by the crowded apothecia, asci with 8 small, biseriate ascospores and 
the presence of polychlorinated lichexanthones. The lectotype of P. torquatella var. torquatella [labelled: 
LBn 762] contains only 2-chlorolichexanthone and is thus chemically distinct from var. ferax which is 
here raised to species status. The remaining syntype of P. torquatella var. torquatella has larger ascospores, 
58-70 pm long, 26-32 pm wide, and contains 2-chlorolichexanthone and stictic acid. It is identical with 
P. cryptostoma Miill.Arg. 
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Abstract 

Typification of six species names and two varietal names in Australian Indigofera is considered. All relevant specimens are 

discussed and lectotypes designated for seven names, including live that apply to currently accepted species. Typification is 

clarified for a further species name. 

Introduction 

Typification of the names of various Australian Indigofera species has been resolved in previous papers 
(Wilson 1987; Wilson and Rowe 2004,2008,2010). This paper considers typification of the names of a number 
of eastern Australian species and one northern Australian species. 

Typifications 

Indigofera adesmiifolia A.Gray, U.S. Expl. Exped., Phan. 1: 405 (1854) as‘adesmiaefolia’ 

Type citation: ‘Hunter’s River, New South Wales’ 

Holotype: New South Wales, U.S. Exploring Expedition, [?Dec 1839] (GH00066084). 

Notes: The probable collecting location of the type specimen and the variation in rachis width in this species 
has been discussed briefly by Wilson (1987). Specimens with narrower rachises approach Indigofera brevidens 
in appearance and may be a little difficult to distinguish in sterile material, although there are differences in 
indumentum, and their geographic distributions overlap only on the North Western Slopes of New South Wales. 

Although it is generally thought that US has the first set and the holotypes for the United States Exploring 
Expedition (Walter Kittredge pers. comm.), no specimen of this taxon can be located in that herbarium (John 
Boggan pers. comm.). So, unless a further specimen is found, I consider the Gray Herbarium specimen at Harvard 

University to be the holotype. 

Two published varieties of I. australis, var. signata and var.platypoda, were placed in synonymy under I. adesmiifolia 
by Wilson (1987) but were not typified at that time. All specimens cited by Bentham as types of these varieties 
have since been located and examined. Of these, the specimens at K were all mounted on two sheets and it was 

© 2014 Royal Botanic Gardens and Domain Trust 
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difficult to match specimen to collector with any certainty, while the MEL specimens were mostly marked with 
the ‘B’ indicating that they had been seen by Bentham. Therefore, lectotypes were chosen from amongst the 
specimens at MEL. 

Indigofera australis var. signata F.Muell. ex Benth., FI. Austral. 2: 200 (1864) 

Type citation: ‘Between Ovens river and Mayday Hills in Victoria, F. Mueller; Port Jackson, Herb. Mueller; and 
Queensland, Bowman! 

Lectotype (designated here): Port Jackson [no collector or date indicated] (MEL585826). 

Residual syntype: ‘on rocky parts of the hills between the Ovens and Maydays hills,’ F. Mueller, 18 Feb 1853 
(MEL585843). 

Excluded syntype: Queensland, Bowman (MEL585844). 

Indigofera signata (F.Muell. ex Benth.) Domin, Biblioth. Bot. 89 (3): 192 (1926) 

Indigofera signata var. signata (Domin 1926: autonym) 

Indigofera signata var. typica Domin, Biblioth. Bot. 89 (3): 192 (1926) nom. inval. (Art. 24.3) 

Notes. The Mueller collection from Victoria lacked the ‘B’ and the Bowman specimen has been redetermined as 
I. brevidens, so the ‘Port Jackson’ collection is here designated lectotype. 

Indigofera australis var. platypoda Benth., FI. Austral. 2:200 (1864) 

Type citation: ‘New England, C. Stuart; Arne river, Beckler! 

Lectotype (designated here): New England, [C. Stuart] (MEL585807; isolectotypes: MEL585806, MEL585822, 
MEL585830, K000217411, IC000217414). 

Residual syntype: ‘River Arne, Dr. B.’ [Beckler] (MEL585805). 

Indigofera signata var. platypoda (Benth.) Domin, Biblioth. Bot. 89 (3): 192 (1926) 

Notes. The New England specimen chosen as lectotype is one of two sheets (MEL585806 and MEL585807) 
marked as having been seen by Bentham and has an apparently original field tag on it. The Beckler collection 
from Arne River does not have the diagnostic broader, flattened leaf rachises particularly well-developed, so much 
so that it approaches the circumscription of var. signata. 

Indigofera baileyi F.Muell., Fragm. 9:43 (1875) 

Type citation: ‘In vicinia fluminis Brisbani; Bailey.’ 

Lectotype (designated here): Brisbane River, Bailey (MEL585846; probable isolectotype: K000217437). 

Residual syntypes: [without location] Bailey (MEL585845); [without location or collector] (K000217436). 

Anila baileyi (F.Muell.) Kuntze, Revis. gen. pi. 2: 938 (1891) 

Notes. Judging from the syntypes in MEL, Mueller received two collections of this species from F.M. Bailey, one 
in flower and one with a few fruit. The former of these has been chosen as lectotype. On this specimen, there is a 
note from Bailey that says ‘I have not found much of this Indigofera but am on the look out for them [sic] for you’. 
The species is easily overlooked when not in flower because of its low habit and its preference for woodlands with 
a grassy understorey. It almost certainly dies back to the underground rootstock in other than favourable growing 
seasons and is quite easy to overlook when not in flower. 

There is also a specimen in the Queensland herbarium marked as ‘part of type collection’. The sheet comprises 
several small specimens that were collected by F.M. Bailey in April 1875. The fascicle of volume 9 of the 
Fragmenta in which the name appears was published in May 1875, so it seems unlikely that Mueller had 
access to this specimen before the fascicle went to press. Bailey has included on the label a reference to this 
publication but with the page number missing (‘Fragmenta vol. IX p. ’) suggesting that he knew it was in press. 

I have therefore excluded this specimen from the syntypes. 

Indigofera brevidens Benth. in Mitchell,/. Exped. Trop. Austral.: 385 (1848) 

Type citation: ‘a new species of indigo ... gathered at this season at the camp over St. George’s Bridge.’ 

Lectotype (designatedhere): Subtrop. N. Hoik, Lieut. Col. Mitchell (K000217424). 
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Residual syntype: Subtropical New Holland, Lieut. Col. Sir T.L. Mitchell (K000217423). 

Anila brevidens (Benth.) Kuntze, Revis. gen. pi 2: 939 (1891) 

Notes. The type material was collected during Mitchell’s expedition to tropical Australia while his party was 
camped at the ‘bridge’ (natural rocky ford) on the Balonne River at St George in south-western Queensland 
in early November, 1846. The sheet at K, marked as ‘holotype’, consists of four elements that were originally 
on two sheets. The right-hand sheet, originally in the Herbarium Hookerianum, has been chosen as lectotype. 

Indigofera coronillifolia A.Cunn. ex Benth., Fl. Austral. 2: 201 (1864) as ‘coronillaefolia’ 

Type citation: ‘In the barren rocky country west of Wellington Valley, A. Cunningham; Castlereagh, C. Moore\ 

Lectotype (designated here): New South Wales: Barren rocky country W. from Wellington Valley, 
A. Cunningham (K000217434). 

Residual syntypes:‘N.S.Wales’, A. Cunningham (K000217432); New Holland, A. Cunningham (K000217433). 

Anila coronillifolia (A.Cunn. ex Benth.) Kuntze, Revis. gen. pi. 2: 939 (1891) 

Notes. The lectotype is one of three sheets of Cunningham collections at K. It is marked as ex Herbarium 
Hookerianum 1867 and is the only one that definitely has Cunningham’s manuscript name written in his own 
hand as well as the fullest locality information. The specimen collected by Charles Moore from the Castlereagh 
[River] area, most likely from near Mendooran or Gilgandra, has not been located. 

Indigofera pratensis F. Muell., Essay Plants Fitzalan: 10 (1860) 

Type citation: ‘Port Denison. Noticed by the author of this treatise on the Rivers Burdekin, Dawson and Burnett, 
as well as in the neighbourhood of Moreton Bay.’ 

Lectotype (designated here): Port Denison, Fitzalan (MEL586229). 

Residual syntypes: Port Denison, Fitzalan (MEL586232, 586242, 586579, 586581); Burdekin Expedition, [F. 
Mueller] 104, 106 (MEL586260); Upper Burdekin, [F. Mueller] (MEL586263); Moreton Bay, [F. Mueller] 
(MEL586261,586262); ‘Burdekin, DrM (K000217351, IC000217345); N.E. Austr., E. Fitzalan (MEL586264). 

Anila pratensis (F.Muell.) Kuntze, Revis. gen. pi. 2: 939 (1891) 

Notes. The specimens that are included within the geographic area delineated in the protologue show a great 
deal of morphological variation, but all fall within the current circumscription of this species. I consider all these 
specimens to be original material available to Mueller when he wrote the description, and I therefore treat them 
as syntypes. The lectotype is one of the specimens attributed to Eugene Fitzalan from Port Denison (near Bowen, 
Queensland), the primary locality cited by Mueller in the protologue. It is in full flower and shows many of the 
diagnostic character-states: stipules linear-setaceous, stipellae minute and setaceous, inflorescence many-flowered 
and conspicuously stalked, and corolla large with the standard longer than the wings. 

Indigofera saxicola F.Muell. ex Benth., Fl. Austral. 2:199 (1864) 

Type citation: ‘N. Australia. Port Essington, A. Cunningham; grassy stony plains, Sea Range, F. Mueller.’ 

Lectotype (designated here): Sea Range, F. Mueller, Dec. 1855 (K000217355; isolectotypes: MEL586268, 
GH00066086, TCD0015644). 

Residual syntype: Port Essington, North Coast, New Holland, April 1818, A. Cunningham 278 (K000217354, 
K000217353, BM000810951) 

Anila saxicola (Benth.) Kuntze, Revis. gen. pi. 2: 940 (1891) 

Notes. Mueller mentioned this species at the end of his description of Indigofera pratensis (in his Essay on the 
plants collected by Mr Eugene Fitzalan, published in 1860). Although he did give a few diagnostic features, he 
referred to the name as being in use only in the herbarium. It was clearly not his intention to publish the name 
Indigofera saxicola in this work and it is accordingly treated as a provisional name (Art. 36.1 b) and, therefore, not 
validly published until Bentham’s Flora Australiensis. 

Bentham cited two collections of this taxon, a Mueller collection in bud and a Cunningham collection in fruit. 

I have chosen the lectotype from among the Mueller collections, as these bear his manuscript name, and have 
selected the duplicate at K in preference to the others since it has the best-developed inflorescences. 
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Abstract 

Apodasmia ceramophila B.G.Briggs & L. A.S. Johnson, a species of Restionaceae subfamily Leptocarpoideae, from the south 

of Western Australia is described. This widely dispersed and salt-tolerant genus of the Leptocarpus clade also has a species 

in each of south-eastern Australia, New Zealand and Chile. 

Introduction 

The name Apodasmia B.G.Briggs & L.A.S.Johnson is from the Greek apodasmios, separated, and refers to the 
widely disjunct distribution of the four species in this genus (Briggs and Johnson 1998a, Briggs 2001). One 
is found in each of south-western Australia [A. ceramophila B.G.Briggs & L.A.S.Johnson, described below], 
south-eastern Australia [A. brownii (Hook.f.) B.G.Briggs & L.A.S.Johnson], New Zealand [A. similis (E.Edgar) 
B.G.Briggs & L.A.S.Johnson] and Chile [A. chilensis (Gay) B.G.Briggs & L.A.S.Johnson]. The features 
differentiating Apodasmia from other genera of the Leptocarpus clade are given by Briggs and Johnson (1998a) 
and by Briggs (2014). Spikelet structure (a general feature of male and female inflorescences of almost all 
Leptocarpoideae) is not apparent in female inflorescences of Apodasmia: the glumes and flowers of several or 
many spikelets are crowded into dense fascicles surrounded by broad spathes. Some flowers appear associated 
with a glume but other glumes show groups of 2 or 3 flowers in the axil. Bracts are lacking on the pedicel and 
the three outer tepals are unequal in length. 

All species of Apodasmia are salt-tolerant, although not all are limited to saline sites. The habitat of A. similis in 
New Zealand is described as ‘Coastal among dunes and in salt marshes. Inland on marshy lake shores’ (Edgar 
1970); A. brownii is similarly a characteristic saltmarsh plant in Tasmania (Kirkpatrick and Glasby 1981) 
but in Victoria is ‘Widespread in sandy soils of heathlands. Often tolerating saline conditions’ (Conn 1994). 
Specimens of A. chilensis are annotated as from semi-saline sites (e.g. Briggs 9421 [NSW]). Many of the sites of 
A. ceramophila are affected by salinity (e.g. Lake Muir, see Smith 2003), but it can also be found in non-saline 
sites. The New Zealand and Chilean species are very similar, and different in aspect from the Australian species. 
Briggs and Johnson (1998b) questioned whether they should be recognised as distinct species but, now that 
we have seen more specimens and seen both in the field, it is apparent that the Chilean species has consistently 
taller culms that are usually also stouter and less crowded. The internodes and sheaths of the culms are longer. 

f Deceased 1997. 
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However, apart from the taller culms, these features are too variable to readily differentiate the species. The few 
male specimens of A. chilensis studied also have glumes with a narrower distal margin. 

Bayesian analysis of concatenated trnL-Y and trnK data from the four species has shown that they form a 
strongly supported clade, closely allied to Chaetanthus R.Br. (Briggs et al. 2014). However, the possibility that 
Apodasmia is embedded in Chaetanthus was not excluded in these analyses. Despite some uncertainty as to 
the generic status of Apodasmia, the Western Australian species, which has been known for more than two 
decades, is here formally described. The IBRA bioregions (IBRA 2012) are used to summarise the species 
distribution and the distribution map has been prepared from specimen records in the Atlas of Living Australia 
(ALA 2014). In the list of specimens, the originating herbarium precedes those holding duplicate specimens. 

Key to species of Apodasmia 

1 Culms >0.5 m tall, >1.5 mm diam.; anthers exserted. 2 

1* Culms <0.5 m tall, 0.4-1.5 mm diam.; anthers not or partially exserted. 3 

2 Culms 0.5—1.5(—1.8) m tall; distal margin of male glumes broad, pale and membranous (New Zealand) 
. A. similis 

2* Culms 1.5-3 m tall; distal margin of male glumes narrow, brown and opaque (Chile) . A. chilensis 

3 Rhizomes 3-8 mm diam.; culm sheaths with blunt, persistent lamina <1 mm long and apical membranous 
margin <1 mm broad; culms with 1-3 male spikelets or 1-5 female fascicles; male spikelets ovate-cuneate, 
almost as broad as long; male glumes 4-7 mm long (Western Australia) . A. ceramophila 

3* Rhizomes 1.5-4 mm diam.; culm sheaths with slender, caducous lamina > 1 mm long and apical membranous 
margin >1 mm broad; culms with >3 male spikelets or >5 female fascicles; male spikelets narrow ovoid to 
cylindrical, more than three times as long as broad; male glumes 2.5-4.5 mm long (south-east Australia) 
. A. brownii 

Description of new species 

Apodasmia ceramophila B.G.Briggs & L.A.S.Johnson, sp. nov. 

‘Apodasmia ceramophila B.G.Briggs & L.A.S.Johnson, unpubl.’: Briggs and Johnson (1999); Meney and Pate 
(1999); Paczkowska and Chapman (2000); ‘Apodasmia sp. A Briggs et al. (2014). 

Diagnosis: Distinguished among the species of Apodasmia by the following combination of characters: 
rhizomes stout (3-8 mm diam.) with culms closely spaced (1-5 mm apart); culms short (30-50 cm long), 
slender (0.4-1 mm diam.); culm sheaths with blunt, persistent lamina <1 mm long and apical membranous 
margin <1 mm broad; male inflorescence of 1-3 spikelets; male spikelets almost as broad as long; male glumes 
large (4-7 mm long); female inflorescence of 1-5 dense fascicles. 

Type: Western Australia: E shore of Lake Muir, c. 3.5 km S of Muirs Highway, 34°27'S 116°40'E, 28 Oct 1988, 
B.G. Briggs 8418 and L.A.S. Johnson $ (holo: NSW212496; iso: CANB, K, MO, PERTH). 

Plants forming large diffuse or moderately dense patches to 1 m diam., resprouting after fire. Rhizome 3-8 mm 
diam., cataphylls overlapping, brown, scarious, covering a woolly pubescence. Culms spaced 1-5 mm apart on 
the rhizomes, terete, simple, 0.4-1 mm diam., 30-50 cm long, minutely striate, grey-green; internodes 4-7 cm 
long. Culm sheaths 6-12 mm long, brown; apex acute to mucronate; membranous margin very narrow; lamina 
minute, blunt. Inflorescence: male of 1-3 spikelets, erect or pendulous on short filiform pedicels, the pedicels 
whitish with a minute tomentum; females crowded in compact fascicles, the fascicles solitary and terminal or 
up to 5 arranged in a compact narrow terminal inflorescence up to 3 cm long. Male spikelets ovoid to ellipsoid, 
5-10 mm long, nearly as broad as long, with c. 10-20 glumes, all fertile; glumes narrowly lanceolate, brown, 
glossy, glabrous, 4.2-6.6 mm long, tapering to a short erect mucro c. 1 mm long, membranous margin indistinct 
or absent. Female fascicles ovoid, 5-6 mm long; spathes broad-ovate, 5-8 mm long, coriaceous, brown, with 
a short mucro; membranous margin pale, narrow; glumes obovate, 3-4 mm long, apical margin glabrous to 
ciliate/fimbriate, mucronate with a short, erect mucro c. 0.5 mm long. Male flowers shortly pedicellate; tepals 
filiform, hyaline, glabrous, c. 2 mm long, outer tepals keeled; stamens 3; filaments 0.5-0.8 mm long; anthers 
1.8-2 mm long, partially exserted; pistillode absent. Female flowers pedicellate, the pedicel base with a tuft 
of short, loosely erect, white hairs; tepals 6, 2.8-3.5 mm long, brown, rigid, very sparsely pubescent, margin 
serrate-ciliate/fimbriate; outer tepals lanceolate, keeled, the apex tapering into a short erect mucro; inner tepals 
longer, spathulate, acute to acuminate, slightly keeled to flat; staminodes absent; style 3-branched, mostly 
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connate, the free portion wholly stigmatic, the base persistent on the nut. Nut fusiform, 1.5-2 mm long, glossy- 
brown, smooth. (Fig. 1) 

The epithet refers to the clayey soils of some (but not all) locations of the species, (Greek) keramos = potters 
clay; philios = loving, friendly. 

Distribution: Western Australia: Swan Coastal Plain, Jarrah Forest and Warren regions: recorded from 

Forestdale on the southern Perth outskirts, the Yarloop and Collie districts, and from Lake Muir to near Mount 
Barker (Map: Fig. 2). In seasonally or permanently moist sites, on clay, peaty or sandy soils, mostly in semi¬ 
saline sites. 

Conservation status: Widespread in scattered locations and sometimes locally abundant. 

Selected specimens examined: Western Australia: Forestdale Lake Nature Reserve, N. Gibson & M.N. Lyons 1551,12 May 

1992 $ (PERTH, NSW); Yarloop, R. Royce 2247, 14 Oct 1947 $ (PERTH); NW of Harvey, near junction of Riverdale 

Road and Nicholson Road, B. Briggs 826, 22 Sep 1966 9 (NSW, PERTH), 827 6 (NSW, K); 3.3 km W of Cookernup on 

Riverdale Road, B. Briggs 8292 & L. Johnson, 25 Oct 1988 6 (NSW, CANB, PERTH), 8293 9 (NSW, CANB, MEL, PERTH); 

23.5 km E of Collie, R.J. Cranfield 11509, 30 Oct 1997 (PERTH); 100 m S of Kulunilup Lake, G.J. Keighery & N. Gibson 

2673, 22 Oct 1997 6, 9 (PERTH, NSW); Lake Muir, K. Meney 912 & J.S. Pate, Jan 1991 $ (NSW); E shore of Lake Muir, 

c. 3.5 km S of Muirs Highway, B. Briggs 8417 & L. Johnson, 28 Oct 1988 S (NSW, K, MEL, PERTH); Muir Highway, E of 

Rocky Gully at Kent River Bridge, A.R. Annels 5583 &R.W. Hearn, 23 Nov 1995 d (PERTH, NSW); Muirs Highway at Kent 

River Bridge, B. Briggs 9960, 24 Oct 2008 d (NSW, CANB, K, MO, NY); 23 km NW of Mount Barker, Wamballup Nature 

Reserve, A.R. Annels 3784, 22 Sep 1993 d (PERTH, NSW); Denmark - Mount Barker Road 0.3 km NE of Harvey Road. 

B. Briggs 9961,24 Oct 2008 $ (NSW, AD, CANB, K, MEL, MO). 

BkaN 1°H 

Fig. 1. Apodasmia ceramophila. a, part of male inflorescence (from Briggs 9960); b, part of female inflorescence; c, female 

flower; d, rhizome (b-d from Briggs 8418 and Johnson, holotype). Scale bar: a, d, = 2 cm; b = 1 cm; c = 0.25 cm. 
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Fig. 2. Distribution of Apodasmia ceramophila. 
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Abstract 

A recent phylogeny of the restiid clade of Poales based on DNA data from the chloroplast genome indicates that several 

currently recognised genera of Leptocarpoideae are paraphyletic or polyphyletic. Morphology and DNA data both indicate 

that the species included in Meeboldina consist of two groups. Moreover, Leptocarpus and the monotypic Stenotalis both 

appear embedded in Meeboldina, as the latter has been recognised in recent classifications. Consequently, Leptocarpus 

is here enlarged to encompass Meeboldina and Stenotalis and new subgenera Leptocarpus, Meeboldina and Stenotalis are 

recognised. The new combination Leptocarpus denmarkicus (Suess.) B.G.Briggs [previously Meeboldina denmarkica Suess.] 

is provided and the new epithet and combination Leptocarpus scoparius B.G.Briggs [previously Stenotalis ramosissima 

(Gilg) B.G.Briggs & L.A.S.Johnson, basionym Hypolaena ramosissima Gilg, non Leptocarpus ramosissimus Pillans]. Eight new 

species from the south of Western Australia are described: L. crebriculmis, L. decipiens, L. depilatus, L. elegans, L. kraussii, 

L. roycei, L. tephrinus and L. thysananthus. 

Introduction 

In classifying the non-African Restionaceae, Briggs and Johnson (1998a, 1998b, 1999) described a number 
of new genera to accommodate distinctive groups. That classification has also been largely used for the 
Australian members by Meney and Pate (1999), Paczkowska and Chapman (2000), Wheeler et al. (2002) and 
adopted in a treatment of the family (Linder et al. 1998). When that classification was proposed very few DNA 
sequences were available, although DNA-based phylogenies were later presented by Briggs et al. (2000, 2010). 
A more comprehensively sampled phylogeny of the Leptocarpoideae, based on trnL-T and trnK data from 

the chloroplast genome is now available (Briggs et al. 2014) and the part of the phylogenetic tree relevant to 
Leptocarpus is shown in Figure 1. 

I acknowledge that the available molecular data are derived only from the plastid genome, not all species have 
been sequenced, and some have been sequenced for only a single region. Nevertheless, it appears preferable 
to provide a classification in better agreement with the available phylogeny and to incorporate this into an 
account of the Australian taxa to be prepared for Flora of Australia. In addition to enlarging Leptocarpus, 
changes are necessary in the Desmocladus clade (Briggs 2014), reducing further small genera to synonymy. 

© 2014 Royal Botanic Gardens and Domain Trust 
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The genus Leptocarpus 

The circumscription of Leptocarpus R.Br. (Brown 1810), type genus of subfamily Leptocarpoideae (Briggs and 
Linder 2009), has varied greatly since its original publication. Originally a genus of seven species, Leptocarpus 
was enlarged to include numerous South African species (Masters 1869, Pillans 1928), before being restricted - 
largely on the basis of culm anatomy - to non-African members (Gilg 1890, Gilg-Benedict 1930, Johnson and 
Briggs 1981, Linder 1985). Cutler (1969) included both African and Australasian species under Leptocarpus 
but made clear that these formed distinct geographical and anatomical groups. The recognition of Meeboldina 
Suess. and description of new genera Apodasmia, Dapsilanthus and Stenotalis by Briggs and Johnson (1998a, 
1999) reduced Leptocarpus to two described species, together with one that is described below. In recognising 
these segregate genera, they paid particular attention to the structure of the spikelets and the presence or absence 
of bracts on the female floral axis distal to the glume that suggest differences in the degree of condensation 
and reduction in the inflorescence. Such bracts also indicate that the spikelets are compound structures. Where 
there are two such bracts, these are unequal. 

The phylogeny of Leptocarpoideae presented by Briggs et al. (2014) was based on concatenated sequences 
of trnK and fruL-F with coded indels, analysed by both Bayesian inference and maximum parsimony. 

Most species are represented by a single sequence for each gene but several are replicated. A majority rule 
consensus cladogram from Bayesian inference (Fig. 1) shows robust support for the Leptocarpus clade, for 
Alexgeorgea, Hypolaena, Leptocarpus as here enlarged, and the groups indicated by ‘M’ and ‘L’. The inclusion 
of Meeboldina coangustata in the ‘S’ group receives less support. Only one of the four species of Dapsilanthus 
has been sequenced, so the monophyly of this genus has not been tested. Apodasmia is strongly supported as 
monophyletic but its relationship to Chaetanthus is not resolved. 

Alexgeorgea ganopoda 

Alexgeorgea nitens 

Alexgeorgea subterranea 

Hypolaena exsulca 

Hypolaena fastigiata 

Hypolaena grandiuscula 

Hypolaena robusta2 

Hypolaena pubescens 

Hypolaena robustal 

Chaetanthus leptocarpoides 

Chaetanthus aristatus 

Chaetanthus tenellus 

Apodasmia ceramophila 

Apodasmia brownii 

Apodasmia chilensis 

Apodasmia similis 

Dapsilanthus ramosus 

Meeboldina tephrina 

Meeboldina denmarkica 

Meeboldina crassipes 

Meeboldina scariosa 

Leptocarpus tenaxl 

Leptocarpus elegans 

Leptocarpus laxus 

Leptocarpus tenax2 

Leptocarpus tenax3 

Meeboldina coangustata 

Meeboldina depilatal 

Meeboldina canal 

Meeboldina cana2 
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Fig. 1. Phylogenetic tree of Leptocarpus clade: a majority rule consensus cladogram from Bayesian analysis of concatenated 

trnL-F and trnK chloroplast sequences with coded indels (modified from Briggs et al. 2014). Leptocarpus s.str. and 

Stenotalis are shown embedded in Meeboldina. The subgenera are indicated by ‘L’, ‘M’ and ‘S’ respectively. Bayesian 

posterior probabilities are shown above the branches; bootstrap values from maximum parsimony PAUP* analyses of the 

same data below the branches. Thick lines have 100% Bayesian posterior probability and also >95% parsimony support. 

Branches not present in the PAUP tree are indicated by a dash below the line. Species named here are shown by the 

informal manuscript names under Leptocarpus or Meeboldina by which they have recently been known. For a few species, 

including M. crassipes, only trnL-V data were available and dummy sequences (NNN....) were used in the trnK alignment. 
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Alexgeorgea and Hypolaena, the first divergent lineages of the clade, both have one or two bracts on the 
female flower stalk. The next branch, Chaetanthus with Apodasmia, lacks such bracts. Bracts are present in 
Dapsilanthus and two subgenera (see below) of Leptocarpus s. lat., but not in subgenus Leptocarpus. It appears 
that bracts have been separately lost in the Chaetanthus branch and in subgenus Leptocarpus, but alternative 
possibilities involving different extents of inflorescence elaboration, condensation and reduction should also 
be considered. 

The phylogeny presented by Briggs et al. (2014) also shows that the species previously classified as Leptocarpus 
and Stenotalis are embedded within Meeboldina and that the species referred to Meeboldina form two clades 
(Fig. 1). These two clades, together with Leptocarpus s. str., are here recognised as subgenera and their diagnostic 
features and members are indicated below. Stenotalis was distinguished from Leptocarpus and Meeboldina on 
the basis of its much-branched habit, with many slender short lateral branches, and its very slender 1- or 
2-flowered female spikelets. These features appear to be autapomorphies that are no obstacle to inclusion in 
Meeboldina or in a more inclusive Leptocarpus. 

Leptocarpus, enlarged by the synonymisation of Meeboldina and Stenotalis as well as the description here of 
eight new species, includes 15 or 16 species. It may be distinguished from related genera as in the following key. 

Key to genera of the Leptocarpus clade 

1 Rhizome and culm bases sheathed by highly glossy scales; rhizomes long and slender; anthers exserted; male 
spikelets erect; female flowers borne on short branches from the rhizomes, subterranean except for style, 
stigmatic branches and surrounding bracts that emerge above ground level . Alexgeorgea 

1* Rhizome and culm bases sheathed by dull or slightly glossy scales; rhizomes long or short or plant caespitose; 
anthers enclosed or exserted; male spikelets erect or pendulous; female flowers borne on aerial branches .. 
. 2 

2 Pericarp of nut woody; female spikelets 1-flowered; culms mostly branched below the inflorescence . 
.Hypolaena 

2* Pericarp of nut papery; female spikelets with 1- many flowers; culms unbranched or branched below the 
inflorescence . 3 

3 Female flowers in spikelets of 1- many flowers, but often several spikelets crowded on short final branches in 
axils of small spathes closely spaced along extended inflorescence branches; male and female inflorescences 
very different in appearance; male spikelets mostly pendulous . Leptocarpus 

3* Female flowers not in distinct spikelets; fascicles of 3-5 flowers and glumes crowded into larger aggregations 
surrounded by ovate-lanceolate spathes or in small clusters borne along elongated inflorescence branches; 
male and female inflorescences very different or similar; male spikelets pendulous or erect. 4 

4 Female flower clusters numerous and small on elongated inflorescence branches; male flowers without a 
swollen base; culms branched or unbranched. Dapsilanthus 

4* Female flower clusters sessile on the culm or on very short branches; male flowers mostly with a globular 
swollen base (except C. leptocarpoides); culms unbranched below the inflorescence . 5 

5 Caespitose; fruiting perianth of slender aristate tepals 2-8 times as long as fruit; anthers not exserted 
. Chaetanthus 

5* Rhizomatous; fruiting perianth of ovate to lanceolate tepals less than twice as long as fruit; anthers fully or 
partly exserted . Apodasmia 

Names of Leptocarpus species 

Four of the species known in recent decades by names in Meeboldina were originally described as species 
of Leptocarpus. Seven others have been known by informal epithets and are described below. The following 
names are available (with the names by which they have recently been known where these are different). 

Leptocarpus canus Nees, Ann. Mag. Nat. Hist. 6: 50 (1841). 

Synonym: Meeboldina cana (Nees) B.G.Briggs & L.A.S.Johnson 

Leptocarpus coangustatus Nees in Lehm., Pi. Preiss. 2: 65 (1846). 

Synonym: Meeboldina coangustata (Nees) B.G.Briggs & L.A.S.Johnson 
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Leptocarpus crassipes J.S.Pate & K.A.Meney, Telopea 6: 658 (1996). 

Synonym: Meeboldina crassipes (J.S.Pate & K.A.Meney) B.G.Briggs & L.A.S.Johnson 

Note: My field observations of this taxon suggest that L. crassipes is not separable from L. scariosus, but rather 
was based on an unusual or aberrant variant or a condition associated with prolonged inundation of the 
plant base. Pate and Meney (1996) note its close affinity to L. scariosus but distinguish L. crassipes by bulbous 
culm bases, ‘bulb-like swellings of the rhizome at points of attachment of culm bases’ and unusually sparse 
inflorescences. Collections by J.S. Pate and K.A. Meney from the type location, Kent River between Denmark 
and Walpole (Pate and Meney KM 913), and by A.S. George from a small but deep waterhole 7 km south 
of Northcliffe (George 8671, 10 March 1967), show these features. Collections and observations at other 
times in the Kent River district, the Northcliffe site, and more widely over the range of L. scariosus did not 
show populations of plants with the features described for L. crassipes. Slight thickening of the culm base is, 
however, common in L. scariosus. Leptocarpus crassipes is described in the protologue (Pate and Meney 1996). 
as growing in permanently inundated habitats. Leptocarpus scariosus mostly grows in seasonally wet habitats 
that are summer dry; it may react to more prolonged inundation by developing thickened aerenchymatous 
culm bases. Sparse inflorescences may also be associated with growth under unusual, non-optimal conditions. 
In the analyses of DNA data (Fig.l), which are based on trnL-L alone (trnK lacking) for L. crassipes, these are 
grouped, but with low bootstrap support in maximum parsimony analyses. Their trnL-F sequences differ 
in several small indels and base changes but are similar in several features not shared with the sequences of 
allied species. These data are not conclusive since similar differences were found between replicate samples 
of related species with long branches in the tree for this highly variable gene region. More sampling and field 
observations are necessary to determine the status of L. crassipes. 

Leptocarpus laxus (R.Br.) B.G.Briggs, Taxon 50: 891 (2001). 

Leptocarpus scariosus R.Br., Prodr.: 250 (1810). 

Synonym: Meeboldina scariosa (R.Br.) B.G.Briggs & L.A.S.Johnson 

Leptocarpus tenax (Labill.) R.Br., Prodr.: 250 (1810). 

Conserved type of Leptocarpus (see Briggs 2001,2005; Briggs and Linder 2009, p. 339). 

The following new combination is provided. 

Leptocarpus denmarkicus (Suess.) B.G.Briggs, comb. nov. 

Basionym: Meeboldina denmarkica Suess., Boissiera 7: 21 (1943). Type of Meeboldina Suess. 

Note: The species was described by Suessenguth (1943) as monoecious but all isotypes show separate male 
and female plants closely intertwined. The photograph in the protologue of the holotype (Western Australia: 
Denmark, Meebold 1389, Nov 1928 6, $ [holo Mn.v.; iso B!,BRI!,K!, MEL!, PERTH!]) is unclear but consistent 
with such a dioecious condition. 

In addition, the following new epithet and combination is provided. 

Leptocarpus scoparius B.G.Briggs, nom. nov. 

Synonym: Hypolaena ramosissima Gilg, Bot. Jahrb. Syst. 35: 89 (1904). 

Synonym: Stenotalis ramosissima (Gilg) B.G.Briggs & L.A.S.Johnson, Telopea 7: 369 (1998) (Type and only 
species of Stenotalis B.G.Briggs & L.A.S.Johnson), non Leptocarpus ramosissimus Pillans, Trans. Roy. Soc. S. Africa 
30: 262 (1945). 

Etymology: from scoparius (Latin) = a broom, referring to the habit with abundant fine branches. Because 
of possible confusion of names with Dapsilanthus ramosus (R.Br.) B.G.Briggs & L.A.S.Johnson (previously 
Leptocarpus ramosus R.Br.) in northern Australia, Aru Islands and New Guinea., an epithet with a different 
derivation has been chosen. 

New subgenera of Leptocarpus 

Leptocarpus R.Br. subgenus Leptocarpus 

Type: Leptocarpus tenax R.Br., the conserved type of Leptocarpus. 

This autonymic subgenus arises with the recognition of other subgenera of Leptocarpus. 

Diagnosis: culms not or sparsely branched below the inflorescence; female spikelets terminal on culms and 
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short distal inflorescence branches; female glumes leathery and rigid, longer than the flowers; female flowers 
dorsiventrally flattened with winged lateral outer tepals; bracts absent between glume and female flower; fruits 
dispersed with attached tepals. 

Species included: L. elegans B.G.Briggs (described below), L. laxus and L. tenax. 

Leptocarpus subgenus Meeboldina (Suess.) B.G.Briggs, comb, and stat. nov. Basionym: Meeboldina Suess., 
Boissiera 7: 20 (1943). 

Type: Leptocarpus denmarkicus (Suess.) B.G.Briggs Telopea 16: 22 (2014, see above). 

Diagnosis: culms not branched below the inflorescence; female spikelets terminal on culms or on short distal 
inflorescence branches; female glumes thin-textured and scarious, more than twice as long as the tepals, 
female flowers cylindrical or dorsiventrally flattened; outer tepals of female flowers linear or spathulate but not 
winged; two bracts (or rarely only one) present between glume and female flower, bracts unequal, sometimes 
one long and awn-like; fruits dispersed with tepals and bracts attached. 

Species included: L. crassipes (if distinct from L. scariosus - refer discussion above), L. denmarkicus, L. scariosus, 
and L. tephrinus B.G.Briggs (described below). 

Leptocarpus subgenus Stenotalis (B.G.Briggs & L.A.S.Johnson) B.G.Briggs, comb, and stat. nov. 

Basionym: Stenotalis B.G.Briggs & L.A.S.Johnson. Telopea 7: 368 (1998). 

Type: Leptocarpus scoparius B.G.Briggs. Telopea 16: 22 (2014, see above). 

Diagnosis: culms branched or unbranched; male and female spikelets singly or in small clusters along 
inflorescence branches or upper part of culm; female glumes about as long as the flowers, female flowers not 
dorsiventrally flattened and outer tepals not winged; 2 bracts present between glume and female flower; fruits 
dispersed with tepals and bracts attached. 

Species included: L. canus, L. coangustatus, L. scoparius and the following new species (described below): 
L. crebriculmis, L. decipiens, L. depilatus, L. kraussii, L. roycei and L. thysananthus. 

Key to subgenera of Leptocarpus 

1 Lateral tepals of female flowers with broad apical wings; female spikelets without bracts between the flower 
and subtending glume; female flowers dorsiventrally flattened; fruits dispersed with attached tepals; female 
glumes more than twice as long as the tepals . subgenus Leptocarpus 

1* Lateral tepals of female flowers not winged; female flowers two bracts (rarely only one) between the flower 
and subtending glume, one bract sometimes long and awn-like; female flowers mostly not dorsiventrally 
flattened; fruits dispersed with attached tepals and bracts; female glumes equalling or longer than tepals 
. 2 

2 Female glumes hyaline or scarious, more than twice as long as tepals; culms unbranched below the 
inflorescence.subgenus Meeboldina 

2* Female glumes thicker textured, less than twice as long as tepals; culms branched or unbranched . 
. subgenus Stenotalis 

Description of new species 

Seven of the new species described below have been known recently by manuscript names under Meeboldina 
and one referred to the genus Leptocarpus (Briggs and Johnson 1999, Meney and Pate 1999, Meney et al. 1999, 
Paczkowska and Chapman 2000, Wheeler et al. 2002). The late L.A.S. Johnson made important contributions 
to distinguishing many of them, but further field and herbarium studies have clarified their features and 
distributions. In addition, the generic classification is here changed to take account of the findings from DNA 
data. Since there has been a change in generic assignment for most of them, as well as altered circumscription 
and rank for some of the taxa, I am publishing them under sole authorship. 

Branch lengths are particularly long in Leptocarpus in DNA-based phylograms but many branches shown 
in Figure 1 collapse or are poorly supported in parsimony analyses. Where multiple samples of a species (as 
identified morphologically) are included these are not always retrieved as monophyletic. Leptocarpus tenax 1 
from Tasmania is not sister to L. tenax 2 and 3 from Western Australia. Also, the two samples of L. depilatus 
are separated, despite being from the same collection site. More extensive sampling and DNA sequencing is 
desirable to study the variation within and between species. 
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Now that the distinctive features of the species and their distributions are better known, some past specimen 
identifications need correction, resulting in more clearly defined distribution ranges than earlier identifications 

would indicate. Distribution maps have been prepared from specimen records in the Atlas of Living Australia 
website (ALA 2014), with checking and removal of records that maybe based on misidentifications. Comments 
on regeneration after fire are largely from my observations, which are in agreement with those of Meney et al. 
(1999). Chromosome number records are from Briggs (2012). Specimens are generally cited in north to south 
sequence, except where a west to east arrangement is more informative. The IBRA bioregions (IBRA 2012) 
are used to summarise species distributions. In lists of specimens, the originating herbarium precedes those 
holding duplicate specimens. 

Leptocarpus elegans B.G.Briggs, sp. nov. 

'Leptocarpus elegans B.G.Briggs & L.A.S.Johnson, unpubl.’, Briggs & Johnson (1999); Meney et al. (1999), 
Paczkowska and Chapman (2000), Wheeler et al. (2002); Leptocarpus sp. A, Briggs et al. (2014). 

Diagnosis: Distinguished from L. tenax by the following combination of characters: caespitose, rhizomes not 
extended; culms stout 1-3(-4) mm diam., culm sheaths few (2-4) with hyaline margins 5-10 mm wide; male 
spikelets larger; the outer lateral female tepals inflated and convex near the midpoint and with a broad apical 
wing with a finely laciniate margin. 

Type: Western Australia: Dennis Road 0.5 km N of Governor Broome Road, ENE of Augusta, B.G. Briggs 9821, 
19 Nov 2007 9 (holo NSW756791; iso PERTH). 

Plants caespitose, forming small erect or rarely large tussocks, regenerating by seed after fire. Culms simple 
below the inflorescence, 1-3(-4) mm diam., c. 20-80 cm long, smooth to substriate or minutely pitted, grey- 
green. Culm sheaths few, 2-4, 1-2.5 cm long, green when young but becoming brown with age, striate, apex 

acute to truncate; lamina narrow, to 1 cm long; hyaline margin 5-10 mm wide when young but weathering 
away; lower sheaths often with a green to brown lamina up to c. 4 cm long and c. 1 mm broad. Male inflorescence 
with branches 5-15 cm long, whitish when young with a minute tomentum. Female inflorescence narrow, up 

to c. 12 cm long, with 5-30 erect and often densely clustered spikelets. Male spikelets sessile or on drooping 
or erect filiform pedicels, when young narrow-ellipsoid, 4-8 mm long, 1-2 mm diam., with age becoming 

ovoid and up to 3 mm diam., with 10-20 glumes, all fertile; glumes ovate-elliptic, 3.5-4.5 mm long, acute to 
mucronate with a short mucro to c. 0.5 mm long, brown with prominent hyaline margins and a pigmented 
mid-vein. Female spikelets on ± erect, rigid pedicels, cylindrical, 10-15 mm long, 2-5 mm diam., c. 10 glumes, 
all fertile or 1 or 2 lower glumes sterile; glumes rigid, broad-ovate, red when young, becoming brown, 4.5-8 
mm long, glabrous or abaxial surface of lower glumes partially covered by appressed trichomes, tapering into 
an initially erect but becoming recurved rigid awn 0.5-3 mm long. Male flowers: tepals 4-6, membranous, pale 
brown or hyaline; outer tepals keeled, oblanceolate, mucronate to acuminate, 1.5-2.2 mm long; inner tepals 
± equal in length to outer tepals, flat, ovate, obtuse; stamens 3; filaments very short; anthers 1-1.5 mm long; 
pistillode absent. Female flowers dorsiventrally compressed; bracts between glume and flower absent; tepals 
6, 2-4 mm long; outer lateral tepals broadly obovate, keeled, the upper half thick, fleshy and convex below 
a broad laciniate wing; inner tepals flat or slightly keeled, linear-lanceolate, acute, slightly longer than outer; 
staminodes absent; style 3-branched, shortly connate at the base, the free portion stigmatic, the basal portion 
persistent on the nut. Nut narrow ovoid, 2-2.4 mm long, smooth, yellow-brown. (Fig. 2) 

The epithet refers to the handsome appearance of the young male and female inflorescences, the red-brown 
glumes contrasting with their pale hyaline margins. 

Distribution: Western Australia: Swan Coastal Plain, Jarrah Forest and Warren regions: from Bunbury to east 

of Augusta. Map: Fig. 3. 

Conservation status: Widespread and often abundant. In seasonally moist sites with heath and shrubs on 
peaty sand, clay or laterite. 

Note: Leptocarpus elegans differs from L. tenax in the caespitose habit, stouter culms, fewer culm sheaths, wide 
membranous margins of culm sheaths, larger male spikelets and the broad wing on the outer female tepals. 
Leptocarpus tenax has extended rhizomes, culms 0.8—2(—2.5) mm diam., culm sheaths 7-10; male spikelets 2-5 
mm long; female outer lateral tepals not convex and with a narrower entire wing. 

Ferdinand JH von Mueller used the unpublished epithet ‘luzuloides’ on specimens of this taxon (e.g. Vasse 
River, Pries s.n., anno 1876 <5 [MEF]) and under Leptocarpus scariosus R.Br. referred to specimens with 
similarity to Luzula (Mueller 1873). 

Selected specimens examined: Western Australia: Bunbury, R. Royce 6797, 20 Feb 1962 $ (PERTH); 2 km E of Wonnerup 

on Ruabon Road, B. Briggs 7555a and L. Johnson, 6 Oct 1984 6 (NSW, PERTH); 1 km S of Ruabon, B. Briggs 6743 6,6744 
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$ 10 Oct 1976 (NSW, AD, CANB, MEL, PERTH); Wonnerup Road reserve, 9.5 km ESE from the Bussell Highway, 18 km 

E of Busselton, B.J. Keighery and N. Gibson 1053, 8 November 1993 9 (PERTH); Ambergate, Busselton district, R. Royce 

2886 <5,2887 $ 19 Oct 1948 (PERTH); c. 24 km S of Busselton, 1.1 km SE along Jalbarragup Road from the junction with 

Sabina Road, B. Briggs 7565 A, 7566 9 and L. Johnson, 6 Oct 1984 (NSW, PERTH); 5 km N of Brennans Ford (Scott River 

Crossing) NE of Augusta, A. Strid 21423, 16 Nov 1982 9 (NSW, C, K, MO, PERTH); Dennis Road, 3.5 km S of Brockman 

Highway, B.G. Briggs 9060 and K. Meney, 13 Oct 1992 <5, 9 (NSW, PERTH); 30 m E of Dennis Road, 3.6 km S of junction 

with Brockman Highway, P. Ellery and T. Annels SC185.4,14 Jan 1997 d, 9 (PERTH); c. 12 km ESE of Alexandra Bridge, 

4.3 km S of Brockman Highway on Dennis Road, 27 Oct 1988, B.G. Briggs 8377 and L. Johnson 9 (NSW, K, MO, PERTH); 

District Murray, E. Pritzel 133, Dec 1900 d (K); Swan R., Drummond 391 9 (CGE, K, LD, P). 

Leptocarpus tephrinus B.G.Briggs, sp. nov. 

‘Meeboldina tephrina B.G.Briggs & L.A.S.Johnson, unpubl.’, Briggs and Johnson (1999), Meney et al. (1999), 
Paczkowska and Chapman (2000), Wheeler et al. (2002); Meeboldina sp. A, Briggs et al. (2014). 

Diagnosis: Distinguished from Leptocarpus tenax by the female spikelets small, 4.5-5.5 mm long; female 
glumes pale, soft and hyaline. 

Type: Western Australia: 7 km W of Cookernup, B.G. Briggs 7538 and L. Johnson, 5 Oct 1984 9 (holo 
NSW396129; iso IC, MO, PERTH6174019). 

Plants with elongated woody rhizomes, forming diffuse patches to 30 cm across; resprouting after fire. Rhizomes 
3-5 mm diam, glabrous, mostly covered by scarious cataphylls. Culms ascending at the base, the basal 3-5 cm 
covered by tawny yellow-brown and slightly glossy cataphylls, terete, simple, 1-2 mm diam., 45-70 cm long, 
smooth to minutely striate, light- to grey-green or occasionally purplish, internodes 6.5-14.5 cm long. Culm 
sheaths few, mostly 5-8, closely appressed to the culm, 1-1.7 cm long, minutely-striate, brown to grey-black, 
acute; lamina to 7 mm long, weathering away; apical margin hyaline, weathering away, c. 4 mm wide. Male 
inflorescence up to c. 15 cm long, the spikelets erect to drooping on filiform pedicels. Female inflorescence 
narrow, interrupted, up to c. 10 cm long; culms with 10-30(-70) spikelets. Male spikelets ovoid, 4.5-5.5 mm 
long, with 10-16 glumes; glumes ovate, dark brown with clearly defined pale hyaline margins, glabrous, acute 
to cuspidate, 2-2.5 mm long, with a short erect awn c. 1 mm long, the lowest few shorter and empty. Female 
spikelets ellipsoid, 4-8 mm long, with 8-20 glumes, all fertile or several basal ones empty; glumes lanceolate, 
aristate, 2.5-3.5 mm long, with an erect to recurved awn to c. 1.5 mm long, glabrous, when young the lower 

part brown with a distinct hyaline margin, glume becoming hyaline and grey with age. Male flowers: tepals 6, 
brown-hyaline, membranous, glabrous; 2 outer tepals keeled, oblanceolate, cuspidate, 1.0-1.6 mm long, with 
a very short, erect awn; inner tepals flat, broad-lanceolate, cuspidate, slightly shorter; stamens 3; filaments very 
short; anthers 0.6-0.8 mm long; pistillode absent. Female flowers with a tuft of short, weakly erect, pale hairs 

at the base; bracts 2, resembling tepals but outer bract shorter; tepals 6, all ± equal, linear, acute to obtuse, 
0.7-1.4 mm long, weakly keeled, brown or hyaline, the upper half usually prominently ciliate; style 3-branched, 

c. 3 mm long, the base shortly connate and persistent on the nut, the upper half stigmatic. Nut narrow-ellipsoid, 
c. 1 mm long, smooth, yellow-brown. (Fig. 4) 

The epithet refers to the pale grey colour of older female spikelets; tephrinos (Greek) = ash-coloured. 

Distribution: Western Australia: Jarrah Forest, Warren and western edge of Esperance regions. Sometimes 
locally common but in widely scattered locations. Map: Fig. 5. 

Conservation status: Not at risk. 

Note: Female plants are distinctive with their small female spikelets with young glumes mostly hyaline apart 
from the keel and older glumes soft and pale grey. Vegetatively plants closely resemble Leptocarpus tenax, 
especially in the ascending culm bases, but the culms are generally more slender and the culm sheaths fewer. 
It appears that, because of their similarity to a common species, L. tephrinus males are rarely collected and 
more observations on spikelet size are needed to determine whether L. tephrinus has consistently larger male 
spikelets than L. tenax. In L. tenax the male spikelets are 2-5 mm long and the females are red when young, 
becoming dark brown, rigid and (0.5-)2-3 cm long. 

Selected specimens examined: Western Australia (west to east): 7 km W of Cookernup, B. Briggs 7537 

and L. Johnson, 5 Oct 1984 S (NSW); 100 m S of Forest Grove Road, 5.7 km W of Bussell Highway, /. Scott 

519 5, 520 9, 13 Jan 2002 (PERTH); c. 3 km E of Karridale along Brockman Highway, B. Briggs 8372 and 

L. Johnson, 27 Oct 1988 9 (NSW); c. 16 km ENE of Karridale, B. Briggs 7583 and L. Johnson 6 Oct 1984 9 (NSW, CANB, 

PERTH, PRE, RSA);); c. 3 km E of Alexandra Bridge on Warner Glen Road, 0.5 km NE of Brockman Highway, B. Briggs 8360 

and L. Johnson, 27 Oct 1988 9 (NSW); Northern boundary of Gingilup Swamps Nature Reserve, N. Gibson and M. Lyons 

579, 18 Apr 1991 9 (PERTH); Black Point Road ,R.J. Cranfield 11032, llMarchl997 9 (PERTH); 6 km S of Northcliffe,A. 

George 8671, 10 Mar 1967 S 9 (PERTH, NSW); Maringup Road, c. 3 km S of Chesapeake Road junction, N. Gibson and M. 
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Fig. 2. Leptocarpus elegans. a, part of male inflorescence (from Briggs 6743); b, part of female inflorescence; c, female flower; 

d, plant base (b-d from holotype). Scale bar: a, b = 2 cm; c = 0.25 cm; f = 4 cm. 

Fig. 3. Distribution of Leptocarpus elegans. 
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Fig. 4. Leptocarpus tephrinus;. a, part of male inflorescence (from Briggs 10107); b, part of female inflorescence; c, female 

flower with attached bract, d, part of rhizome (b-d from holotype) Scale bar: a = 4 cm; b, d = 2 cm; c = 0.25 cm. 

Fig. 5 Distribution of Leptocarpus tephrinus. 
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Fig. 6. a-f, Leptocarpus roycei; g-1, L. decipiens. a, g, part of male inflorescence; b, h, male spikelets; c, d, i, j, part of female 

inflorescence; e, k, female flowers with bracts; f, 1, plant base, a, b, f, i—1, from holotypes; c, d, e, from Briggs 9094; g, h, Briggs 

9095. Scale bar: a, c, g, i =4 cm; b, d, h, j = 1 cm; e, k = 0.25 cm; f, 1 =6 cm. 
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Lyons 625,4 May 1991 (PERTH); Quarram, R. Melville 4468 and R.D. Royce, 31 Jul 1953 $ (K, PERTH); 23 miles [37 km] 

W of Denmark, R. Royce 4293 5,4294 9 31 Jul 1953 (PERTH); 2 km SofBow Bridge on Peaceful Bay Road, B. Briggs 6927, 

19 Nov 1977 9 (NSW, AD, BRI, PERTH); near Cuthbert Siding, 6 miles [10 km] W of Albany, B. Briggs 605b, 

17 Sep 1966 9 (NSW, K, MEL, PERTH); 9 km ENE of Manypeaks on Hassell Highway, B. Briggs 6568, 6569 

4 Oct 1976 9 (NSW). 

Leptocarpus roycei B.G.Briggs, sp. nov. 

‘Meeboldina roycei B.G.Briggs & L.A.S.Johnson, unpubl.’, Briggs and Johnson (1999), Meney et al. (1999), 
Paczkowska and Chapman (2000), Wheeler et al. (2002); Meeboldina sp. E, Briggs et al. (2014). 

Diagnosis: Distinguished from Leptocarpus coangustatus Nees by the following combination of characters: 
caespitose; culms stouter (2.5-4.5[-6] mm diam. near base); male spikelets longer (4-11 mm long); male 
glumes scarcely glossy; female inflorescence highly ramified, mostly forming a cluster of long branches (to c. 
50 cm long) bearing spikelets crowded on very short lateral branches. 

Type: Western Australia: Forrestdale, corner of Forest Road and Nicholson Road, B.G. Briggs 9093 and K. 
Meney, 17 Oct 1993 6 (holo NSW261800; iso CANB, K, PERTH). 

Plants forming large dense tussocks to 30 cm across; regenerating by seed; base with pale-brown cataphylls and 
pale-brown woolly pubescence. Culms terete, stout 2.5-4.5(-6) mm diam. near base, 125-140 cm long, finely 
striate, grey-green; internodes 7.5-13.5(—16) cm long. Culm sheaths 11-25 mm long, tan to grey-brown, apex 
mucronate; lamina narrow, blunt, persistent, 6-8 mm long; apical margin 2.5-5.5 mm wide, membranous, 
weathering away. Inflorescence: large, much branched, spikelets very numerous; males semi-erect or pendulous 
on fine branchlets; females forming a cluster of branches to c. 50 cm long bearing spikelets crowded on 
very short, 2-3 mm long lateral final branches. Male spikelets ovoid to cylindrical, 4.5-11 mm long, glumes 
12-38, all fertile or several lower glumes sterile or with abortive flowers; glumes ovate, acuminate to aristate, 
1.7-2.7 mm long with a short awn to 0.4 mm long, glabrous, red-brown, slightly glossy, the apical one-third 
hyaline. Female spikelets 2-3 mm long; glumes lanceolate to ovate, acuminate, glabrous, 0.8-1.5 mm long, 

Fig. 7. Distribution of Leptocarpus roycei. 
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equal in length to tepals. Male flowers: tepals 5 (or 6), membranous, acute, 0.9-1.5 mm long; outer tepals keeled, 
lanceolate, always brown-pigmented, cuspidate; inner tepals flatter and broader, lanceolate to broad-ovate, 
hyaline or pigmented, either slightly shorter or slightly longer; stamens 3; filaments 0.3 mm long; anthers 
c. 0.6-0.9 mm long; pistillode absent. Female flowers: base with pale hairs; bracts ovate, shorter than tepals, 
toward the apex hyaline and pigmented only along the keel; tepals 6, red-brown, flat or slightly keeled, linear- 
lanceolate, acute, 1-1.4 mm long, tepals equal or inner slightly shorter, abaxial surface papillate; margin shortly 
ciliate; staminodes absent; style 3-branched, branches wholly stigmatic, base persistent on the nut. Nut narrow 
ovoid-trigonous, 1-1.3 mm long, yellow-brown. Chromosome number 2n = 24. (Fig. 6a-f) 

The epithet commemorates Robert Dunlop Royce (1914-2008), botanist at the Western Australian Herbarium 
from 1944 and Curator of that herbarium 1960-1974. Bob Royce collected numerous excellent specimens of 
Restionaceae, carefully matching males and females of dioecious species. 

Distribution: Western Australia: Swan Coastal Plain, Jarrah Forest and probably Warren regions: from 

Wanneroo (northern Perth district) south to Busselton, Manjimup and Frankland, probably also less 
commonly near Augusta, in sedge- or shrub-swamps and on river banks, on clay soil or peaty sand. Map: Fig. 7. 

Conservation status: Widespread and common, although many occurrences are in regions subject to 
urbanisation and environmental change. 

Note: See Table 1 for differences between the caespitose species L. roycei, L. decipiens and L. depilatus. Leptocarpus 
coangustatus differs from L. roycei in its extended rhizomes, culms 0.5-2 mm diam.; male spikelets shorter, 
4-7 mm long; male glumes glossy with a pale hyaline margin and female inflorescence with few branches. 

Selected specimens examined: Western Australia: Neaves road, c. 15 km NE of Wanneroo, B. Briggs 7234 and 

L. Johnson, 18 May 1983 3 (NSW, CANB, MEL, PERTH, RSA); Kewdale, R. Coveny 8196, 7 Sep 1976 $ (NSW); 

Cannington, A. Morrison, 10 Jan 1899 <3, 9 (E, K); Forrestdale, corner of Forest Road and Nicholson Road, B.G. Briggs 

9094 and K. Meney, 17 Oct 1993 9 (NSW, CANB, K, MO, PERTH); 7 km WSW of Waroona, B. Briggs 6682, 9 Oct 

1976 <3 (NSW, PERTH); Cookernup, R. Royce 3138 c3, 3139 9, 10 Oct 1949 (PERTH); 3.1 km W of Cookernup on 

Riverdale Road, B. Briggs 8298 and L. Johnson, 25 Oct 1988 9 (NSW); 9 km W of Harvey on road to Myalup Beach, B. 

Briggs 6693, 9 Oct 1976 9 (NSW, AD, MEL, PERTH), 6694 A (NSW); Brunswick Junction, P. Wilson 6258 3, 6259 9, 
29 Sep 1967 (PERTH, CANB, NSW); 0.5 km S of Brunswick Junction, B.G. Briggs 9043 and K. Meney, 13 Oct 1992 3 
(NSW, CANB, PERTH); Roelands, R.D. Royce 3073 3 , 3074 9, 15 Jul 1949 (PERTH); 20.3 km E of Roelands on Collie 

Road, B. Briggs 8300 and L. Johnson, 25 Oct 1988 9 (NSW, PERTH); 5 miles [8 km] N of Bunbury, B. Briggs 22 Sep 

1966, 814 3 (NSW, NBG, PERTH), 815 9 (NSW, CBG, HO); 2 km E of Wonnerup on Ruabon road, B. Briggs 7546 

and L. Johnson, 6 Oct 1984 3 (NSW); 2.8 km S of Quindalup, B. Briggs 8318 and L. Johnson, 26 Oct 1988 9 (NSW, 

PERTH); Ambergate, c. 6 km S of Busselton, B.G. Briggs 800, 21 Sep 1966 3 (NSW); Manjimup, B.G. Briggs 10113, 

8 Nov 2010 3 (NSW, PERTH); north side of Tuckers Road, 16.5 km ESE of Frankland, M.N. Lyons 4748 and S.D. Lyons, 

13 Nov 1999 (PERTH, NSW). 

Leptocarpus decipiens B.G.Briggs, sp. nov. 

‘Meeboldina decipiens B.G.Briggs & L.A.S.Johnson subsp. decipiens, unpubl.’, Briggs and Johnson (1999), 
Meney et al. (1999), Paczkowska and Chapman (2000), Wheeler et al. (2002); Meeboldina sp. B, Briggs et al. 
(2014). 

Diagnosis: Distinguished from Leptocarpus roycei by the following combination of characters: culms slender, 
2-3 mm diam. near base; male spikelets ovoid, 3.5-5.5 mm long, glumes glossy tan-brown; bracts of female 
flowers ovate, shorter than tepals, toward the apex hyaline and pigmented only along the keel; outer female 
tepals lanceolate to spathulate, blunt or tapering abruptly. Differing from L. depilata in its shorter, more slender 
culms, shorter inflorescence branches and ovoid female flowers. 

Type: Western Australia: 0.5 km S of Brunswick Junction (site of Waterloo State School); B.G. Briggs 9045 and 
I<. Meney, 13 Oct 1992 9 (holo NSW261627; iso PERTH8372543) 

Plants forming slender and few-stemmed tuffs to large dense tussocks to 40 cm across, regenerating by seed; 
base with pale-brown cataphylls and a pale-brown woolly pubescence. Culms terete, 2-3 (-5) mm diam. near 
base, 50-85 cm long, striate, grey-green, toward the base often tinged pink or grey; internodes 3-9 cm long. 
Culm sheaths 10-15 mm long, striate, closely appressed, tan to grey-brown; lamina narrow, blunt, persistent, 
3.5-7 mm long; membranous margin 1.5-3 mm wide, weathering away. Inflorescence: sparsely branched; male 
spikelets semi-erect to drooping on long slender branchlets; female inflorescence slender, spikelets crowded on 
short (to 5 cm long) final branches and in the upper 5-10 cm of the inflorescence; spathes ovate, 0.9-1.2 mm 
long, margins tomentose, though may appear glabrous due to weathering. Male spikelets ovoid, 3.5-5.5 mm 
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Table 1. Distinguishing features of Leptocarpus roycei, L. decipiens and L. depilatus. 

Structure L. roycei L. decipiens L. depilatus 

culms tall to 1.5 m, stout 2.5-4.5(-6) 
mm diam., much branched 

short to 0.9 m, slender 
2-3(-5) mm diam., with few 
branchings 

tall to 1.6 m, stout 2-5 mm 
diam., much branched 

6 spikelets ovoid to cylindrical, 4-11 mm 
long 

ovoid, 3.5-5.5 mm long ovoid to cylindrical 4-8 mm 
long 

S glumes not or slightly glossy glossy glossy 

$ inflorescence branches mostly a cluster of many long 
(to 50 cm) branches with 
spikelets crowded on very short 
(2-3 mm) lateral final branches 

few and short (to 5 cm) 
branches with crowded 
fascicles of spikelets 

long with spikelets well¬ 
spaced, mostly on short (to 
2 cm) lateral branches 

$ glumes lanceolate to ovate, acuminate, 
not glossy 

ovate, blunt or shortly 
acuminate, not glossy 

lanceolate, acuminate, 
glossy 

$ glume hyaline apical 
margins 

narrow broad very narrow 

$ flowers cylindrical to narrow ellipsoid ovoid cylindrical to narrow 
ellipsoid 

$ outer floral bract lanceolate, nearly as long as 
outer tepals 

ovate to lanceolate, c. V2 as 
long as tepals 

lanceolate, nearly as long 
as tepals 

$ outer tepals linear-lanceolate, margins 
shortly ciliate 

broad lanceolate to 
spathulate, distally only the 
keel pigmented, margins 
white tomentose 

linear-lanceolate, margins 
shortly ciliate 

distribution Wanneroo to Busselton, 
Manjimup and Frankland 

near Perth to Busselton and 
Bridgetown 

Nannup and Lake Muir to 
near Albany 

Fig. 8. Distribution of Leptocarpus decipiens (dots) and L. depilatus (squares). 
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£ Ik* Wien. 

Fig. 9. a-f, Leptocarpus depilatus; g-1, L. crebriculmis. a, g, part of male inflorescence; b, h, male spikelets; c, d, i, j, part of 

female inflorescence; e, k female flowers with bracts; f, 1, plant base, a, b, f, i-1, from holotypes; c-e, Briggs 6944; g, h, Wilson 

2856. Scale bar: a, c, g, i = 4 cm; b, d, h, j =1 cm; e, k = 0.25 cm; f, 1 =6 cm. 
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long; glumes 11-27, all fertile, ovate, acuminate to aristate, 1.4-2 mm long with a short awn to 0.6 mm long, 
glossy red-orange-brown, the apical one-third hyaline. Female spikelets 2-5 mm long; glumes lanceolate to 
ovate, acuminate, glabrous, 1-1.5 mm long, shorter than tepals. Male flowers sessile to shortly pedicellate: 
tepals 5-6, hyaline, acute, 0.9-1.6 mm long; outer tepals keeled, linear to lanceolate, pigmented only along 
keel, cuspidate; inner tepals flatter and broader, lanceolate to broad-ovate, inner tepals usually slightly longer; 
stamens 3; filaments 0.3 mm long; anthers c. 0.8 mm long; pistillode absent. Female flowers: base with long pale 
hairs; bracts ovate, Vi as long as tepals, margins hyaline; tepals 6, outer tepals broad lanceolate to spathulate, 
blunt or tapering abruptly, hyaline, toward the apex pigmented only along keel, surface glabrous or papillate, 
margins densely white tomentose, acute, 1.2-1.5 mm long; staminodes absent; style 3-branched, branches 
wholly stigmatic, base persistent on the nut. Nut narrow ovoid, 1-1.3 mm long, yellow-brown. (Fig. 6g—1) 

The epithet is from the Latin decipio = to deceive, entrap or elude, referring to the difficulty of distinguishing 
this species from L. roycei. 

Distribution; Western Australia: Swan Coastal Plain and Jarrah Forest regions: from near Perth to Busselton 

and Bridgetown; mostly in seasonally wet Melaleuca swamps on sand or clay. Map: Fig. 8. 

Conservation status: Widespread and common. 

Note: At some sites, such as 0.5 km S of Brunswick Junction, L. roycei and L. decipiens co-occurred in 1992, 
apparently without hybridisation, but by 2010 this site had been cleared of native vegetation. 

Selected specimens examined: Western Australia: Between Chidlow and Wooroloo, Old Northam road 3.6 km W from 

junction with Great Eastern Highway, R. Spjut, G. White and R. Phillips 7175, 23 Sep 1981 (PERTH); Kewdale, R. Coveny 

8196, 7 Sep 1976 $ (NSW); Cannington Swamps, Yule Brook Reserve, P. Ladd, 8 Dec 2010 3 (NSW), $ (NSW, PERTH); 

Ranford Road 2.9 km S of Warton Road, Gosnells, B.G. Briggs 9411 and J. Pate, 8 Oct 1995 3 (NSW, PERTH), 9412 $ 

(NSW, CANB, K, MO, PERTH); Canning River East Branch, Water Reserve, City of Armadale, F.Hort, J. Hort and L. Boyle 

3395 3, 3396 $ (PERTH, NSW); Brickwood Reserve, Byford, between Turner and Soldier Roads, M. Hislop MK 6-16, 

14 Nov 2003 $ (PERTH); Hampton Road, Pinjarra, B.J. Keighery 2178, 17 Nov 1995 <3, 9 (PERTH); Austin Bay Nature 

Reserve, WSW of Grey Road, B.J. Keighery and N. Gibson 116,9 Sep 1993 $ (PERTH); N side of Tonkin Road, c. 1 km W 

of Yunderup Road North, Pinjarra, P.G. Payne 47, 6 Sep 2002 $ (PERTH); Brunswick Junction, R.D. Royce 3151, 11 Oct 

1949 3 (PERTH); Waterloo, R.D. Royce 3108, 14 Sep 1949 9 (PERTH); Waterloo, 0.3 km W of School site, B.G. Briggs 

9095 and K. Meney, 13 Oct 1992 3 (NSW, K, MEL, MO, PERTH); 9096 9 (NSW, PERTH); Yangedi Swamp, B.J. Keighery 

2431,28 Nov 1995 3 (PERTH, NSW); McNeill Road, c. 50 m S of Mayfield Road, Waroona, B.G. Briggs 9101 andK. Meney, 

17 Oct 1992 (NSW, PERTH); 1 km E. of Ruabon,B.G. Briggs 6737,10 Oct 1976 9 (NSW); Dunsborough, B.G. Briggs 6459, 

2 Oct 1976 9 (NSW), 6458 3 (NSW, AD, PERTH); 4 km S of Busselton on Ambergate road, B.G. Briggs 767, 21 Sep 1966 

9 (NSW, PERTH); South Western Highway 21.5 km S of Bridgetown, B.G. Briggs 10117 3,10118 9,8 Nov 2010 (NSW, 

AD, CANB, PERTH). 

Leptocarpus depilatus B.G.Briggs, sp. nov. 

‘Meeboldina decipiens B.G. Briggs & L.A.S. Johnson subsp. depilata B.G. Briggs & L.A.S. Johnson, unpubl.’, 
Briggs and Johnson (1999); Meney et al. (1999), Paczkowska and Chapman (2000), Wheeler et al. (2002); 
Meeboldina sp. C. (Briggs et al. 2014). 

Diagnosis: Distinguished from Leptocarpus roycei by the following combination of characters: male spikelets 
on short branches usually clustered at upper nodes, each with several (3-20) spikelets. Male spikelets ovoid 
to cylindrical, 4-8 mm long; glumes tan-brown, glossy, with sharply distinct hyaline margins. Female glumes 
glossy. Differing from L. decipiens in the taller and stouter culms, longer inflorescence branches and male 
spikelets, and the narrower female flowers. 

Type: Western Australia: Thompsons Road, c. 55 km N of Walpole, 6 km S of Muirs Highway, B.G. Briggs 6945, 
20 Nov 1977 3 (holo NSW299931; iso PERTH). 

Plants forming large dense tussocks to 30(—50) cm across at base; with pale-brown cataphylls and base with a 
pale-brown woolly pubescence. Culms terete, tough and wiry, 2-5 mm diam. near the base, 50-160 cm long, 
often arching outwards so that the tussock extends > 1 m across, inconspicuously striate, grey-green; internodes 
5-12 cm long. Culm sheaths 15-25 mm long, striate, tan to grey-brown, apical membranous margin 1.5-5 mm 

wide, often weathering away. Inflorescence much-branched; male spikelets on fine branchlets, mostly clustered 
at the upper nodes; female spikelets crowded on final branches in the upper 5-10 cm of the inflorescence. Male 
spikelets ovoid to cylindrical 4-8 mm long, glumes 12-18, all fertile; glumes ovate, acuminate to aristate, 2-3 
mm long with a short awn to 0.4 mm long, glabrous, glossy tan-brown, mostly with broad hyaline margins. 

Female spikelets 2-5 mm long; glumes lanceolate, acuminate, glabrous, 1-1.5 mm long, equal in length to 
flowers. Male flowers sessile to shortly pedicellate: tepals 5 or 6, membranous, acute, 0.9-1.6 mm long; outer 
tepals keeled, linear-lanceolate, pigmented only along keel; inner tepals flatter and broader, lanceolate to broad- 
ovate, longer than outer tepals; stamens 3; filaments 0.3 mm long; anthers c. 0.8-1.2 mm long; pistillode absent. 
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Female flowers: base with pale hairs; bracts nearly as long as tepals, acute to acuminate, apical margin ciliate; 
tepals 6, red-brown, linear-lanceolate, flat or slightly keeled, acute, 1.2-1.5 mm long; surface papillate, margins 
ciliate to densely tomentose, inner tepals slightly longer; staminodes absent; style 3-branched, branches wholly 
stigmatic, base persistent on the nut. Nut narrow ovoid-trigonous, 1-1.3 mm long, yellow-brown. (Fig. 9a-f) 

The epithet refers to the female tepals and bracts developing less dense tomentum than in L. decipiens: Latin 
de- = departure or removal; pilus = hair. 

Distribution: Western Australia: Warren region, including Nannup, Lake Muir and south to Denmark and near 

Albany; in seasonally or permanently moist sites, in sedge- or Melaleuca- swamps and near rivers or lakes, on 
peaty sand. Map: Fig. 8. 

Conservation status: Widespread and common. 

Selected specimens examined: Western Australia: Blackwood foreshore, Nannup, M. Hislop 3139, 14 Dec 2003 <3, $ 

(PERTH, NSW); South Western Highway 20.5 km S of Bridgetown, B.G. Briggs 10119, 8 Nov 2010 (NSW, PERTH); Lake 

Muir, N end of Lake, beside walkway to bird observatory, B.G. Briggs 9955, 24 Oct 2008 $ (NSW, PERTH); NE edge of 

Lake Muir, at Lake Muir Lookout, B.G. Briggs 10081 6, 10082 9, 6 Nov 2010 (NSW, CANB, K, MO, PERTH); Muirs 

Highway, c. 8 km W of Thompson road, B.G. Briggs 9953, 24 Oct 2008 <3 (NSW, PERTH); Muir Highway, 13.1 km E of 

Thompson Road, R. Davis 4892B, 22 Jan 1998 (PERTH); Eastern shore of Lake Muir, c. 3.5 km south of Muirs Highway, 

B.G. Briggs 8419 and L. Johnson, 24 Oct 1988 3 (NSW, CANB, MEL, PERTH); 50 km ESE of Manjimup, S boundary of 

Kodjinup Nature Reserve, M.N. Lyons and S.D. Lyons 4745, 10 Nov 1999 (PERTH, NSW); Tuckers Road, 16.5 km ESE of 

Frankland, M.N. Lyons and S.D. Lyons 4748,13 Nov 1999 (PERTH, AD, MEL, NSW); Biro Road, 9.4 km E of Suez Road, S 

of Rocky Gully, R. Davis 4836B, 19 Jan 1998 3 (PERTH); Roe Road crossing on Frankland River, A.R. Annels 1560,14 Dec 

1990 3 (PERTH); Tudor, 14.3 km east-southeast of Denmark River on South Coast Highway, B.G. Briggs and L. Johnson, 

8453 3,8454 $ 29 Oct 1988 (NSW, PERTH); South Coast Highway E of Denmark, 0.5 km W of Sleeman River, B.G. Briggs 

9981, 26 Oct 2008 3 (NSW, PERTH, CANB); Stanley Road at South Coast Highway, c. 26 km W of Albany, B.G. Briggs 

10069, 5 Nov 2010 3 (NSW, AD, BRI, K, PERTH), 10070 9 (NSW, MEL, PERTH). 

Fig. 10. Distribution of Leptocarpus crebriculmis. 



Fig. 11. a-f, Leptocarpus kraussii; g-1, L. thysananthus. a, g, part of male inflorescence; b, h, male spikelets; c, d, i, j, parts 

of female inflorescences; e, k female flower with bract; f, 1, plant base, c-f, i-1, from holotypes; a, b, from Briggs 6622; 

g, h, Briggs 8330; k, Briggs 6713. Scale bar: a, c, g, i = 4cm; b, d, h, j =1 cm; e, k = 0.25 cm; f, 1 =6 cm. 
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Fig. 12. Distribution of Leptocarpus kraussii. 

Fig. 13. Distribution of Leptocarpus thysananthus. 
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Leptocarpus crebriculmis B.G. Briggs, sp. nov. 

‘Meeboldina crebriculmis B.G.Briggs & L.A.S.Johnson, unpubl.’, Briggs and Johnson (1999); Meney et al. 
(1999), Paczkowska and Chapman (2000), Wheeler et al. (2002). 

Diagnosis: Distinguished among the species of Leptocarpus by the following combination of characters: 
caespitose; culms slender; male spikelets small, 2-3 mm long, and numerous, not glossy; female spikelets small, 
2- 3 mm long; flowers small with tepals 1-1.3 mm long, glumes and tepals acuminate. 

Type: Western Australia: Between Lucky Bay and the entrance to Cape Le Grand National Park, 24 Sep 1974, 
S. Carlquist 5773 9 (holo: NSW396140; iso: CANB!, MEL!, PERTH!, RSA!). 

Plants forming large dense tussocks to 0.8(-l) m across. Culms terete, usually simple below the inflorescence, 
0.5-1.5 mm diam., 35-100 cm long, striate and often also pitted, dull grey-green to brown; internodes 
5-7.5 cm long. Culm sheaths 0.6-1.3 cm long, striate to pitted, brown to red-brown, truncate to cuspidate; 
lamina erect, 2-8 mm long; membranous margin weathering away, up to c. 6 mm wide. Inflorescence narrow, 
interrupted, up to c. 20 cm long; male spikelets on numerous, fine inflorescence branches, spathes with 
broad hyaline margins; female spikelets crowded on short branches in upper 10-15 cm of inflorescence. Male 
spikelets narrow ovoid, brown, not glossy, 2-3 mm long. Female spikelets 2-3 mm long; glumes lanceolate, 
acute to acuminate, 2-2.5 mm long, brown, with broad membranous margin, glabrous. Male flowers: tepals 6; 
3 outer tepals keeled, lanceolate, acute, 1-1.3 mm long, brown-hyaline, glabrous; inner tepals flat to concave, 
ovate, acuminate, slightly shorter than the outer tepals, red-brown-hyaline, glabrous; stamens 3; filaments 
very short; anthers 0.5-0.8 mm long; pistillode absent. Female flowers: bracts narrow-lanceolate, c. 1 mm 
long, margin finely ciliate; tepals 5 or 6, oblong-lanceolate, acute, 1-1.3 mm long, margins membranous; 
outer tepals often shortly ciliate or fimbriate, keeled; inner tepals with fimbriate margin, usually flat; style 
3- branched, wholly-stigmatic. Nut trigonous, papillate, 0.8-1.2 mm long, yellow-brown. Seed ellipsoid, 
c. 0.8 mm long. (Fig. 9g—1) 

The epithet refers to the usually closely-spaced culms: Latin: creber = close, pressed together, numerous; culmus, 
culmis = stem, stemmed. 

Distribution: Western Australia: Esperance region: from near Bremer Bay to Duke of Orleans Bay and Howick 

Hill. In seasonally moist sites in a semi-arid region. On peaty sand or clay, mostly in sedge-heath surrounded 
by eucalypt woodland. Map: Fig. 10. 

Conservation status: Reasonably widespread and well represented in National Parks. Fire response is not 
recorded. 

Selected specimens examined: Western Australia (west to east): Yellilup Swamp, 38km W of Bremer Bay, 

5 km NW of intersection of Borden-Bremer Bay Road and Gairdner Road South, M.N. Lyons 4651, 16 Dec 

2000 (PERTH, NSW); 0.3 km N along fence line from southern boundary of Barren Beach Estate (Hopetoun), 

0.7 km E of Pardalotle Parade, M. Bennett 1222, 31 Dec 2008 $ (PERTH, NSW); c. 14 km E of the mouth of the Oldfield 

River, A. Orchard, 1503 12 Oct 1969 9 (AD, NSW, PERTH); c. 24 km N of Esperance, P. Wilson 3048b, 12 Nov 1964 S (AD, 

NSW); 1.5 miles [2 km] S of Gibson, B. Briggs 338, 9 Sep 1966 9 (NSW, AD, CANB, PERTH); Merivale Road, c. 25 km 

ENE of Esperance on road to Cape Le Grand National Park, S. Krauss 177 and L. Howitt, 5 May 1989 <3 (NSW, PERTH), 

178 9 (NSW, K, LH, PERTH); Base of Hill 49, Cape Le Grand National Park, R.J. Cranfield 1367,19 Nov 1979 (PERTH); 

Cape Le Grand National Park, A. Weston 7082, 7 Nov 1971 9 (PERTH, NSW), 8303, 19 Jul 1973 9 (PERTH, NSW); near 

Whartons campsite on W end of Duke of Orleans Bay, T. and J. Whaite 4316, 16 Oct 1976 6 (NSW); c. 10 km ESE of 

Howick Hill, c. 65 km ENE of Esperance, N.N. Donner 2622, 18 Sep 1968 3 (AD). 

Leptocarpus kraussii B.G.Briggs, sp. nov. 

‘Meeboldina kraussii B.G.Briggs & L.A.S.Johnson, unpubl.’, Briggs and Johnson (1999), Meney et al. (1999), 
Paczkowska and Chapman (2000), Wheeler et al. (2002); Meeboldina sp. D, Briggs et al. (2014). 

Diagnosis: Differing from L. canus in the elongated rhizomes with culms generally spaced 3-5 mm apart; 
male spikelets about as wide as long with dull, red-brown or blackish glumes; female inflorescence reddish or 
blackish and tepals narrow. 

Type: Western Australia: Near Strachan, 47 km ESE of Manjimup on Muirs Highway, 32°24' S 116°32'E, 
28 Oct 1988, B. G. Briggs 8407and L. Johnson 9 (holo: NSW212482; iso CANB 723214, IC, MO, PERTH6174078). 

Plant forming diffuse patches 0.3-1 m across, resprouting after fire. Rhizome horizontal, 3-6 mm diam., 
with pale woolly hairs covered by orange-brown scarious cataphylls. Culms terete, unbranched below the 
inflorescence, 0.5-1.5 mm diam., 0.3-0.6 m long, striate, light- to grey-green or purplish brown; internodes 
5-6 cm long. Culm sheaths 0.7-1.5 cm long, striate, green to pale-brown, darkening with age, apex mucronate 

with a narrow mucro 1-5 mm long; membranous margin hyaline, weathering away, c. 2 mm wide. Male 
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inflorescence narrow, interrupted, up to c. 10 cm long; spikelets on short branches or pedicellate at upper nodes. 
Female inflorescence of spikelets crowded on short lateral branches in the upper 10-15 cm of an interrupted 
inflorescence. Male spikelets pedicellate; the pedicels filiform, tomentose, up to c. 1 cm long; spikelets at first 
narrow-ovoid, becoming ovate in outline with spreading glumes, 4-9 mm long, with c. 6-14 glumes, usually 
all fertile; glumes ovate, membranous, red-brown hyaline often becoming black, glabrous, acute to acuminate, 
2-3.5 mm long. Female spikelets often crowded into small clusters, the clusters distant or crowded on short 
branches or + sessile on the culm, 2-4 mm long, narrow-ellipsoid and brown when flowering but spreading 

and becoming + globose and red-brown when fruiting, with up to 50(-80) flowers; glumes broad-ovate, 
acuminate, reddish-brown or almost black, margins membranous, glabrous, 1-1.5 mm long, 0.7-1 mm wide. 
Male flowers: tepals 5 or 6; outer tepals keeled, oblanceolate, acuminate, 1-1.5 mm long, brown-hyaline; inner 
tepals flat, lanceolate, acute to cuspidate, 0.5-1.3 mm long; stamens 3; anthers 1-1.5 mm long; filaments stout, 
0.3-0.6 mm long, the base swollen and merging into a globose receptacle c. 0.5 mm diam. Female flowers: 
tepals 6, narrow-lanceolate to oblanceolate, acute to acuminate, 1-2 mm long, brown-hyaline, the margins 
shortly and densely fimbriate; staminodes absent; style 3-branched, filiform, almost wholly free and stigmatic, 
c. 2 mm long, the base persistent on the nut; bracts keeled, lanceolate, acuminate, brown-hyaline, densely 
fimbriate on margin, 1-2 mm long. Nut trigonous, brown, c. 1.5 mm long. Seed c. 1 mm long. (Fig. lla-f) 

The epithet commemorates Dr Siegfried L. Krauss, of Kings Park and Botanic Garden, Perth, who gave excellent 
assistance to studies of Restionaceae and first recognised the distinctiveness of this species. 

Distribution: Western Australia: Swan Coastal Plain, Jarrah Forest, Warren and Esperance regions: near Perth 

and from the Beaufort River east and south to east of Hopetoun; in seasonally moist sites. Map: Fig. 12. 

Conservation status: Widespread and common. 

Note: Most similar to L. canus and previously included in the latter. Feptocarpus canus has a more northerly (but 
overlapping) distribution, from near Cataby to Beaufort River, and has culms crowded on very short rhizomes 
up to 1 (-4) cm long, giving a tufted appearance; male spikelets glossy yellow-brown; female inflorescence with 
a yellowish-brown cast, tepals broader, and fruiting inflorescence more conspicuously white tomentose. 

Selected specimens examined: Western Australia: Mt Cooke Pine Plantation, 0.5 km E of Albany Highway, 7 km SE of 

farrahdale Road, B.G. Briggs 9399 and J.S. Pate, 8 Oct 1995 6 (NSW, PERTH); 775 m N on Cundinup-Nannup Road 

from intersection with Vera Road, C. Day and C. Godden B 97.9, 24 fan 1997 (PERTH); Three Acre Pool, 4 km SE of 

Bridgetown, G. Warded-Johns on 47,9 Feb 1992 9 (PERTH, NSW); Manjimup, M. Koch 2645, Oct 1921 9 (NSW, PERTH); 

near Strachan, 47 km ESE of Manjimup on Muirs Highway, B. Briggs 8406 and L. Johnson, 28 Oct 1988 6 (NSW, PERTH); 

W side of Lake Muir, 4.2 km S of Muirs Highway along Thomsons Road, B. Briggs 8421 and L. Johnson, 28 Oct 1988 <3 
(NSW), 8422 9 (NSW, CANB, K, MO, PERTH); 5 km N of Kwornicup Road on Sidcup Road, K. Hill 2447 9,2448 3, 
L. Johnson andD. Blaxell, 13 Nov 1986 (NSW); Golf Link Road, 5 km SE of Mt Barker, A.R. Annels 4182,16 November 1993 

9 (PERTH); 45 km N of Albany on Borden road, B. Briggs 6618 3,5 Oct 1976 (NSW, PERTH), 6617 9 (NSW); 13.5 km 

ENE of Manypeaks on S Coast Highway, B. Briggs 7652a and L. Johnson, 8 Oct 1984 9 (NSW, CANB, PERTH, RSA); King 

Georges Sound,/. H. Maiden NSW65875, Nov 1902 9 (NSW); Gnowellen road, 14.5 km NW of Chillinup road junction, 

due E of Ellen Peak (Stirling Range), B. Briggs 7908 and L. Johnson, 11 Oct 1984 9 (NSW, CANB, PERTH, PRE); Stirling 

Range National Park, in stream near Chester Pass road at S end of Park, S. Carlquist 5699,20 Sep 1974 (RSA); 0.5 km E of 

Albany-Borden road, on road to South Stirling, B. Briggs 6627,5 Oct 1976 3 (NSW, K); 3 km SE of intersection of Mason 

Bay Road and Middle Road, 15 km SW of ferdacuttup, M.N. Lyons and S.D. Lyons 4736,13 December 2000 (PERTH). 

Leptocarpus thysananthus B.G.Briggs, sp. nov. 

‘Meeboldina thysanantha B.G.Briggs & L.A.S.Johnson, unpubk, Briggs and Johnson (1999), Meney et al. 
(1999), Paczkowska and Chapman (2000), Wheeler et al. (2002); Meeboldina sp. F, Briggs et al. (2014). 

Diagnosis: Plants forming large dense tussocks to 1.8 m tall with stout woody rhizomes, 7-10 mm diam.; male 
spikelets small, 3-5(-9) mm long, glumes not glossy, with margin hyaline; female inflorescence with aristate 
glumes; female flowers cylindrical; tepal margins densely fimbriate. 

Type: Western Australia: Kenton, E of Walpole, South Coast Highway at Kent River, 17 Sep 1966, B.G. Briggs 
634 9 (holo: NSW95209; iso: MEL600565A, PERTH8371660). 

Plants forming large dense tussocks to 1.8 m tall and 1 m across with hard woody interlacing rhizomes, 
resprouting after fire. Rhizome elongated, stout, 7-10 mm diam., cataphylls brown, covering a pale to brown 
woolly pubescence. Culms usually spaced to c. 1 cm apart, simple below the inflorescence, terete, 2.5-4 mm 
diam. near base, 1-1.8 m long, sub-striate, grey-green. Culm sheaths 1-2 cm long, striate, pale-brown, lamina 

erect, usually 3-8 mm long; membranous margin weathering away, c. 3 mm wide. Inflorescence long, narrow, 
erect, c. 20-100 cm long; male spikelets ± erect and loosely clustered in the upper 5-10 cm of each branch, 
branches arising from the upper 10-15 nodes of the culm and the more distal branches often repeatedly 
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branched; the female inflorescence similar to the male but usually with fewer branches. Male spikelets 
pedicellate, with pedicels filiform, up to c. 1 cm long; spikelets ovoid, 3—5(—9) mm long, up to c. 10(—18) 
glumes, all fertile; glumes ovate, chestnut-brown, glabrous, aristate, 1.2-2.5 mm long with hyaline membranous 
margins; mucro erect, to c. 0.5 mm long. Female spikelets: 1-several crowded on each of many short (0.5-2 cm) 
final branches; glumes narrow-lanceolate to ovate, red-brown, acute to aristate, 1-4 mm long; awn erect, to 
c. 0.5 mm long Male flowers: tepals 5-6, acutely acuminate, brown-hyaline, glabrous; outer tepals keeled, 
lanceolate, 1-1.6 mm long; inner tepals concave, ovate, slightly longer; stamens 3; filaments 0.2-0.4 mm long; 
anthers 0.5-1 mm long; pistillode absent. Female flowers: bracts 2, narrow-lanceolate, glabrous, shorter and 
broader than tepals; tepals 6, narrow-lanceolate, acute, membranous, 1-1.5 mm long; outer tepals keeled; inner 
tepals flat, margins densely fimbriate; style 3-branched, filiform, mostly stigmatic. Nut trigonous, 0.7-1.1 mm 
long, brown. Chromosome number 2n = 24. (Fig. 11 g-1) 

The epithet refers to the fimbriate margin of the tepals of female flowers; from the Greek thysanos = fringe or 
tassel and anthos = flower. 

Distribution; Western Australia: Swan Coastal Plain, Jarrah Forest and Warren regions: from near Collie and 

Busselton to Albany. On sand or clayey soil, sometimes with laterite gravel, in moist sites and on river banks; in 
eucalypt forest or woodland, or (less often) in Melaleuca-swamps or sedge-swamps. Map: Fig. 13. 

Conservation status: Widespread and common. 

Note: The stout woody rhizomes and large size of plants are distinctive, as are the small male and female 
spikelets; females with aristate glumes and tepals. Differs from L. coangustatus in the generally thicker 
rhizomes; stouter and taller culms; male spikelets cylindrical or + cuneate with spreading glumes, not glossy; 
female flowers cylindrical with linear-lanceolate tepals. Leptocarpus coangustatus has culms 0.4-0.8 m tall; male 
spikelets ovoid, glossy, 4-6 mm long; female spathes and glumes with more clearly defined hyaline margins; 
female flowers ovoid. 

Selected specimens examined: Flamilton River, 10 km WNW of Collie on road to Roelands, B. Briggs 6700A 6 10 Oct 

1976 (NSW, AD, CANB, PERTH), 6701 9 (NSW, AD, MEL, PERTH); Carbunup River at Roy Road bridge, c. 2 km S of 

Jindong, B.G. Briggs 8330 and L. Johnson, 26 Oct 1988 <S (NSW); Cowaramup, R.D. Royce 2823, 15 Oct 1948 9 (PERTH); 

Albany Highway between Kojonup and Beaufort River, K. Meney and J. Pate, Apr 1992 $ (NSW); Barlee Brook at Stewart 

Road, c. 34 km SSE of Nannup, B.G. Briggs 7599 and L. Johnson, 6 Oct 1984 $ (NSW, BOL, CANB, K, MO, PERTH, RSA); 

Pemberton, M. Koch 2662, Feb 1920 <3, 9 (NSW); 1.8 km N along Carter Road from intersection with Donnelly Mill 

Road, C. Day and T. Annels MJ 6.2, 17 February 1997 (PERTH); Tom Road at Donnelly River Crossing, M. Hislop 1203B, 

10 Nov 1998 (PERTH, NSW); 6 miles [10 km] from Rocky Gully towards Manjimup, Chessell and McComb 138,26 August 

1965 9 (PERTH); South Coast Highway W of Denmark, 0.8 km E of Parker Road, B.G. Briggs 9974, 26 Oct 2008 $ (NSW, 

K, MO, NY, PERTH); Kenton, c. 20 miles [30 km] W of Denmark, B. Briggs 633,17 Sep 1966 6 (NSW, HO, MEL, PERTH), 

634 9 (NSW, BRI, HO, MEL, PERTH); Bow River, S. Jackson, Dec 1912 (PERTH, NSW); South Coast Highway, 0.5 km W 

of William Bay Road, B.G. Briggs 10073 6,10074 $, 5 Nov 2010 (NSW, BRI, CANB, K, MO, PERTH); 3.5 miles [5 km] 

SW of Denmark, B. Briggs 624, 17 Sep 1966 <3 (NSW, CANB), 623 9 (NSW); South Coast Highway, 0.8 km E of Parker 

Road, B.G. Briggs 9972,26 Oct 2008 $ (NSW, MO, PERTH). 
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Abstract 

A taxonomic revision of Salvia subg. Calosphace sect. Membranaceae (Lamiaceae) is presented based on the examination of 

recent herbarium collections and field observations. The section consists of 12 species and it occurs from northern Mexico to 

northern South America. A morphological conspectus, identification key, botanical descriptions, photographs, distribution 

maps, a comprehensive list of synonyms and a discussion about the delimitation of problematic taxa are given. 

Introduction 

Traditionally, Salvia L. was regarded as one of the largest vascular plant genera (Frodin 2004), with 900-1100 
species worldwide (Standley and Williams 1973, Hsi-wen and Hedge 1994, Harley et al. 2004, Walker et al. 
2004). It has a subcosmopolitan distribution, but native species are only absent from the highest latitudes and 
from Australasia, with the major centres of diversity in Mexico-Central America and the Mediterranean Basin- 
Middle East (Walker et al. 2004). It occupies a broad range of habitats, temperate and tropical forests, arid and 
semi-arid scrubs, alpine and secondary vegetation; and it grows from sea level to elevations of 4800 m (Hsi- 
wen and Hedge 1994, Ramamoorthy and Elliott 1998). Various species of this genus have been part of popular 
medicine in different regions and cultures (Rivera et al. 1994, Ceroni-S. 2002, Cahill 2003, Dweck 2000, Jager 
and Van Staden 2000, Martinez-Moreno et al. 2006, Ramirez et al. 2006, Cheng 2007, Jenks 2008, Jenks and 
Kim 2013), and recent studies are uncovering the underlying chemicals responsible for the healing properties 
(Perry et al. 2000, Yokozawa 2000, Velicovic et al. 2003, Ramirez et al. 2006, Cheng 2007, Ramirez et al. 2007, 
Li et al. 2012). Some individual species have had great relevance and have been employed for several purposes, 
such as Salvia hispanica L., which was employed by Mesoamerican people as food, medicine and oil (Cahill 
2003), and that is now reappraised as a valuable nutritional resource (Ayerza and Coates 2005, Peiretti and 
Gai 2009). Furthermore, S. divinorum Epling & Jativa, possesses medicinal and stimulating properties that are 
utilized by Mazatec people (indigenous people who inhabit the Sierra Mazateca, in Oaxaca, southern Mexico) 
in divination rites (Wasson 1962, Valdes-III et al. 1987, Reisfield 1993), and is presently gaining popularity as 
a hallucinogenic in different countries (Gonzalez et al. 2006, Lange et al. 2008). In addition, Salvia has been 
a popular ornamental and continues to be prized as a decorative garden plant (Clebsh 1997, Froissart 2008). 

© 2014 Royal Botanic Gardens and Domain Trust 
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Phylogenetic evidence based on molecular data revealed Salvia as a non-monophyletic genus consisting of 
three clades. In these, Dorystaechas Boiss. & Heldr. ex Benth., Meriandra Benth., Perovskia Kar., Rosmarinus 
L., and Zhumeria Rech.f. & Wendelbo are intermixed (Walker et al. 2004, Walker and Sytsma 2007). However, 
no attempt has been made to recircumscribed Salvia in a broader sense, or to segregate it into smaller genera, 
since a more exhaustive sampling in phylogenetic analysis is still required (Walker et al. 2004). One of the 
recovered clades includes Salvia subg. Calosphace (Benth.) Epling and Salvia sect. Audibertia (Benth.) Epling, 
which would not belong to Salvia s. str. if a narrower generic concept was applied. This clade embraces about 
520 species, being the richest clade. Salvia sect. Audibertia is restricted to the Californian floristic province with 
18-20 species (Epling 1938, Strachan 1982), whereas Salvia subg. Calosphace occurs from the United States of 
America to northern Argentina and Chile, including the Caribbean Islands, but not in the Amazonian forest. It 
includes about 500 species (Walker 2004). The most comprehensive revision of subg. Calosphace (Epling, 1939) 
has been followed with successive publications that describe new sections and species, provide additional and/ 
or emended data about sectional and species delimitations, and amplify geographical distributions (Epling 
1940, 1941, 1944, 1947, 1951, 1960; Epling and Mathias 1957; Epling and Jativa 1963, 1966,1968). In the last 
10 years at least 34 new species have been published within subg. Calosphace (Missouri Botanical Garden 
2013). Hence, in view of these recent advances, a current revision of the subgenus is much needed. 

Salvia subg. Calosphace is an interesting example of species diversification and represents a difficult challenge 
for any plant taxonomist, simply because there are many species and they occur across a wide geographical 
area. Before this, the efforts have been centred on unravelling the taxonomy of small manageable sections 
(Espejo and Ramamoorthy 1993, Santos 1991, 1996, Torke 2000, Santos and Harley 2004, Fernandez-Alonso 
2006, Zona et al. 2011). Occasionally the species analyses were circumbscribed by political bounderies (Turner 
2008, 2009a, 2009b, 2010,2011) or by regional floristic bounderies (Wood and Harley 1989, Pool 2001, Wood 
2007, Klitgaard 2012). 

Table 1. Chronological summary of the infra-sectional classification of Salvia subg. Calosphace sect. Membranaceae. 

Bentham (1833, 1848) Briquet (1897) 

subg. Jungla 

Fernald (1900) Epling (1939, 1940a) 

subg. Calosphace 

Present study 

subg. Calosphace 

sect. Calosphace sect. Calosphace sect. Calosphace sect. Membranaceae sect. Membranaceae 

§ Membranaceae § Membranaceae § Membranaceae § Elscholtzioideae 

5. bupleuroides S. bupleuroides 5. bupleuroides S. galinsogifolia 5. bupleuroides 

5. hyptoldes 5. hyptoides S. cladodes S. hyptoides 5. compsostachys 

5. lasiocephala 5. lasiocephala 5. galinsogifolia S. lasiocephala S. confertispicata 

5. lophantha S. lophantha 5. hyptoides 5. verecunda 5. glabra 

S. mocinoi S. mocinoi 5. lophantha § Lophanthoideae 5. langlassei 

5. nitida 5. nitida 5. lophanthoides S. glabra S. lasiocephala 

S. rubiginosa S. rubiginosa 5. mocinoi 

5. rubiginosa 

5. saltuensis 

§ Brachyanthea 

5. sanctae-luciae 

5. langlassei 

S. lophantha 

5. lophanthoides 

S. mexiae 

S. mocinoi 

S. nitida 

S. rubiginosa 

S. sanctae-Luciae 

5. zacuapanensis 

Incertae sedis 

5. compsostachys 

S. lophanthoides 

5. mexiae 

S. mocinoi 

5. nitida 

S. sanctae-luciae 

5. verecunda 

a Epling (1940) did not assigned Salvia compsostachys to any of the subsections within Membranaceae that he 
recognized (Epling 1939). 

§ = subsection 
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This study focuses on a revision Salvia subg. Calosphace sect. Membranaceae (Benth.) Epling. According to 
Epling (1939, 1940), the section is composed of 15 species; most of them are restricted to Mexico, with only 
one species extending to northern Peru, Ecuador, Colombia and Venezuela in South America. None of the 
members of this group have been included in the four Salvia phylogenetic analyses with representative samples 
of New World sages, and that were carried out using DNA sequences (Jenks etal. 2011, Jenks etal. 2012, Walker 
and Sytsma 2007, Walker et al. 2004). In two of these analyses (Jenks et al 2012, Walker and Sytsma 2007) 
the specimen Crone 15/9/00 (MJG) was included as Salvia mocinoi; however, this was erroneously identified, 
as it belongs to S. setulosa Fernald. Section Membranaceae has undergone many taxonomic changes since 
its description by Bentham (1833), including the addition of new species and proposals for infra-sectional 

classification (Table 1). 

Materials and Methods 

Specimen examination 

A total of 1041 herbarium specimens of Salvia sect. Membranaceae (Appendix 1) were examined for this study. 
The specimens were held at the following herbaria: CHAPA, CREG, CIIDIR, CIMI, ENCB, GUADA, HEM, 

HUAA, HUMO, IBUG, IEB, MEXU, MICH, NY, OAX, SERO, UAGC, UC, USON, WIS, XAL, XALU, and ZEA; 
Herbario de Bioquimica de la Universidad Autonoma de Guerrero (here abbreviated as HBQ) and Herbario 
de la Universidad Autonoma de Nayarit (here abbreviated as UAP), not registered in Index Herbariorum, were 
also consulted. The complete Salvia collections of these herbaria were inspected in order to find all specimens 
of Salvia sect Membranaceae, except for NY herbarium, where only Salvia mocinoi Benth. was checked. Images 
of specimens, chiefly of type material, provided on the web pages of the following herbaria :ARIZ, CAS, G, K, 
LA, MO, NY, RSA-POM, UC, US, were also examine. 

Field exploration was carried out to observe aspects of growth, development and morphology, and to collect 
botanical samples. 

Most of the characters surveyed for the descriptions were those employed in the literature to define sections 
and delimit species within Salvia subg. Calosphace (Epling 1939, 1940, 1941, 1944, 1947, 1951, 1960; Epling 
and Mathias 1957; Epling and Jativa 1963, 1966, 1968; Appendix 2). Quantitative variables were counted or 
measure with a rule and caliper, and these data were used to enhance descriptions of the species. Plant height 
and flower colour were taken from specimen labels when available and from field observations. 

Geographic coordinates were used to prepare the distribution maps. Those specimens without, or with 
incorrect, geographic coordinates were georeferenced according to recommendations of Wieczorek and 
Hijmans (2004), but without a calculation of uncertainty. 

Taxonomic treatment 

The taxonomic treatment was prepared based on morphological data surveyed on specimens examined and 
field observations. It is preceded by a morphological conspectus of the species. Genus, subgenus, section and 
species descriptions are included in alphabetical order. A key for the identification of the species in Salvia sect. 
Membranaceae is provided. A complete list of synonyms is given for each taxon. 

Results 

Morphological conspectus of Salvia sect. Membranaceae 

Most of the species of Salvia sect. Membranaceae are subshrubs to shrubs, only three of them are herbs: Salvia 
bupleuroides, S. lasiocephala and S. verecunda. They grow erect except for the always trailing or subscandent 
S. confertispicata and S. langlassei; moreover, S. mocinoi and S. sanctae-luciae are sprawling and supported 
by surrounding plants when growing in dense vegetation. Height of the plants, length of branches, as well as 
degree and robustness of branching are variable, but plants from 0.6-1.5 m tall, profusely branched and robust 
are the most common. In S. confertispicata and S. langlassei Fernald, several stems arise from the ground and 
are poorly branched, or the internodes are long and the lateral branches are short. Salvia lasiocephala and 
S. mexiae are sometimes could be monopodic or with branching just before inflorescences. The three herbs of 
the section generally are the less tall and the most delicate, though, S. verecunda consists of both delicate and 
robust plants. 
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The stems are quadrangular and caniculate between the angles and often reddish or dark magenta tinged; old 
stems tend to be terete in S. mexiae, S. mocinoi and S. sanctae-luciae, glabrescent and brown to green. Nodes 
are slightly thickened and more densely pubescent. Pubescence is more or less uniform between species, pilose 
to moderately hirsute, puberulent, or rarely hispidulous, sometimes difficult to be unambigously assigned to a 
particular kind. Pubescence is not useful for distinguishing taxa within this section. The hairs are simple (and 

sometimes glandular-capitate in S. bupleuroides), uniseriate, pellucid or sometimes yellowish to ferruginous 
in S. mocinoi, usually retrorse or variably curled. Stems in S. confertispicata, S. langlassei and S. nitida are often 
glabrous. 

The leaves on the stem of S. mexiae and S. nitida are sessile or subsessile, whereas in the remaining species, the 
leaves are always petiolate, becoming progressively shorter or even sessile toward and close to the inflorescences. 
Blades are usually ovate to narrowly ovate, with base rounded to cordate; margin always serrate; apex acute 
to acuminate. Salvia mexiae is unique in that it posses narrowly lanceolate leaf blades; in S. sanctae-luciae the 
blades are elliptic to ovate-elliptic, with base attenuate; and in S. bupleuroides, the blades are ovate to rhombic- 
ovate; Salvia mocinoi has the most variable blades: ovate, narrowly ovate, ovate-elliptic to rhombic-ovate and 
rounded, with base subcordate, cuneate, obliquous, or long-attenuated. The upper surface of the blade is 

Fig. 1. Salvia bupleuroides. A) lateral view of monocephalous inflorescence; B) frontal view of the flower 
showing white nectar guides; C) pubescence of the stem (taken by J.G. Gonzalez-G.). 
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commonly bullate or rugose, except in S. confertispicata and S. nitida, and some populations of S. mocinoi 
from Veracruz, Mexico, that correspond to what was described as S. zacuapanensis Brandegee. Pubescence 
is sparse and composed of appressed simple (sometimes also glandular-capitate hairs in S. bupleuroides and 
S. mocinoi), uniseriate hairs, and puberulent on both surfaces, but more abundant and glandular dotted below, 
and frequently with the hairs concentrated on the veins and along the margin. Blades of S. confertispicata and 
S. nitida are almost glabrous and lustrous above, especially in the latter. 

The inflorescences are terminal or axillary racemes, composed by verticillasters, which consist of two 
demiwhorls that are subtended at the base by a floral bract. Verticillasters are multi-flowered, crowded together 
to long separate from each other, lax and crowded inflorescences can be found in the same species and even 
within the same population; the inflorescences tend to have the flowers progressively more crowded distally. 
Most of the inflorescences of S. bupleuroides have only one verticillaster (monocephalous). It should be noted 
that the term verticillaster has sometimes been regarded as equivalent to demiwhorl (Epling 1939,1940,1941, 
1944,1951), so this must be consider when making a comparison. Floral bracts in Salvia sect. Membranaceae 
are very showy and usually brightly coloured, reddish to magenta, bluish to violet, or green, often straw- 
coloured when dried; they are reniform to ovate, with margin finely serrate and usually ciliated, with apex 
acuminate to long caudate as in S. glabra, S. lophanthoides and sometimes truncate to subcordate in S. mocinoi, 
outer surface puberulent, covered with some appressed and sometimes also with glandular-capitate hairs and 
sessile glandular dots as in S. bupleuroides, or almost glabrous as in S. nitida, inner surface is always glabrous 
except for the joint to floral axis which is covered by appressed hairs. The bracts persist even in fruit. Floral axis 
manifests a similar pubescence on the stems, but additionally it often has glandular-capitate hairs. 

Fig. 2. Feaf shape comparison between Membranaceae species. A) Salvia mexiae', B) S. sanctae-luciae', 
C) S. lophanthoides; D) S. glabra; E) S. langlassei; F) S. compsostachys; G) S. lasiocephala; H) S. mocinoi; 
I) S. verecunda; J) S. confertispicata; K) S. nitida, and L) S. bupleuroides [A-J drawn by J.G. Gonzalez-G.; 
illustrations based on A J.G. Gonzalez-G. et al. 882 (IBUG), B J.G. Gonzalez-G. et al. 923 (IBUG), C J.G. 
Gonzalez-G. 1508 (IBUG), D L.M. Villarreal de Puga 779 (IBUG), E J.G. Gonzalez-G. 1517 (IBUG), F J.G. 
Gonzalez-G. 654 (IBUG) and 656 (IBUG), G E. Martinez-S. 5260 (IBUG) and J.G. Gonzalez-G. 510 (IBUG), 
H J.G. Gonzalez-G. 1449 (IBUG), R. Acosta-P 805 andF. Vdzquez-B. (XAF),M.E. Medina-A. 174 andR. Acosta-P. 
(XAF), and J.G. Gonzalez-G. 1368 (IBUG), I S. Gonzalez 3615 and S. Acevedo (IBUG), J J.G. Gonzalez-G. 
1438 and J.H. Zarate-J. (IBUG), J.G. Gonzalez-G. 1184 (IBUG), and P. Tenorio-L. et al. 2658 (IBUG), K J.G. 
Gonzalez-G.571 (IBUG), and F based on E. Martinez-S. 5744 (IBUG]. 



Fig. 3. Comparison of floral bracts, calyces, corollas, connectives, and apical portion of the styles of the species 
of Salvia sect. Membranaceae. A) Salvia bupleuroides; B) S. compsostachys; C) S. confertispicata; D) S. glabra; 
E) S. langlassei; F) S. lasiocephala; G) S. lophanthoides; H) S. mexiae; I) S. mocinoi; J) S. nitida; K) S. sanctae- 
luciae; and L) S. verecunda. In C) and H) three floral bracts of the same species are shown to properly represent 
shape variation [A-J drawn by J.G. Gonzalez-G.; illustrations based on A E. Martinez-S. 5744 (IBUG) and 
J.G. Gonzalez-G. 594 (IBUG), B J.G. Gonzalez-G. 656 (IBUG), C J.G. Gonzalez-G. 589, 1184 (IBUG), and J.G. 
Gonzalez-G. 1438 and J.H. Zarate-J. (IBUG), D H. Rubio 1283 (IBUG), E J.G. Gonzalez-G. 1517 (IBUG), F J.G. 
Gonzalez-G. 1164 and D. Juarez (IBUG), G J.G. Gonzalez-G. 1508 (IBUG), H J.G. Gonzalez-G. 882 (IBUG), IM. 
Martinez-M. 84 (HEM), and J.G. Gonzalez-G. 602 and J.A. Vazquez-Garda (IBUG), J E. Martinez-S. 5768 (IBUG), 
K J.G. Gonzalez-G. etal. 923, L S. Gonzalez3615 and S. Acevedo (IBUG)]. 



LU
LU

 9
 0
 

U
JU

J S
 O

 

Fig. 3. cont, 



50 Telopea 16: 43-81, 2014 Jesus Guadalupe Gonzalez-Gallegos 

Flowers are subsessile to distinctly pedicellate. Pedicels are pilose and frequently covered also with glandular- 
capitate hairs. Calyces are tubular, green, magenta to dark magenta, violet or purplish; outer surface shares 
a similar pubescence to the pedicels , but the hairs are usually concentrated on the veins and additionally 
glandular dotted; inner surface is somewhat verrucose or covered with short pyramidal hairs toward apex; calyx 
lips are acute to shortly acute and ciliated, the upper lobe is furrowed by 5-7 veins extending to the margin; 
the two lower lobes are distinct or connate % to 3A of their length as in S. sanctae-luciae and sometimes in 
S. langlassei. Corollas are sky blue or violet as in S. confertispicata; indumentum consists of shortly pilose 
hairs that are almost restricted to dorsal surface of upper and ventral surface of lower lip, the upper is also 
bordered by short glandular-capitate hairs along the ventral margin; corolla tube is paler to white toward the 
base, longer than lips, straight or ventricose, invaginated or not at base, internally ornate with two papillae or 
naked as in S. bupleudoides, S. compsostachys, and S. lasiocephala; upper lip is white (only in S. mexiae), lower 
lip is longer than upper one, ornate with white nectar guides near corolla entrance. There are two stamens 
transversely disposed within corolla tube, hence blocking access to the nectary of the ovary. Stamens are often 
accompanied by two staminodes above and behind filament insertion to corolla tube. Filaments are shorter 
than connectives, these bear one fertile theca, posterior portion of connectives are connate between stamens. 
Connectives are ornate at ventral midportion with an acute tooth, sometimes truncate as in S. mexiae and 
S. nitida. Thecae are ellipsoid, dorsifixed, longitudinally dehiscent and extrorse. Ovary is supported by a gynobase 
with a prominence known as gynobasic horn that acts as a nectary; locules are usually longer than gynobasic 
horn; style is inserted between the locules, is glabrous except in S. sanctae-luciae in which it presents some simple 
hairs just before stylar branches, these are unequal, the upper is longer and arquate, the lower is straight, acute or 
truncate at the apex; in S. bupleuroides the lower branch has an abrupt and short twist at the apex. 

There are two kinds of mericarps in Salvia sect. Membranaceae, both are smooth and glabrous, and release 
mucilage when moistened, they differ in shape and colour. The first is the most common and consists of ovoid 
structures, light brown and dark brown, presenting a marbled appearance. In contrast, in S. bupleuroides and 
S. lasiocephala, are lenticular and uniformly bright black. 

Those characters used by Epling (1939) to defined subsections within Membranaceae are not clear. Sometimes 
the species could be intermediate between both subsections. Elscholtzioideae was defined by its annual 
lifespan, generally interrupted inflorescences, corolla tube 2.5-4 mm long and internally naked, and rounded 
mericarps (equivalent to what here is named as lenticular); contrasting with the perennial lifespan, generally 
crowded inflorescences, corolla tube 5-7.5 mm long and internally ornate with 2 or 4 pairs of papillae, and 
ovoid mericarps of subsect. Lophanthoideae. From the species of Elzcholtzioideae here considered as distinct, 
S. bupleuroides and S. lasiocephala exhibit clearly those characters of the subsection, they also share entirely black 
mericarps; but, S. verecunda exhibit corolla tube up to 4.3 mm long, and ovoid mericarps, these are light brown 
and irregularly dark brown marbled as in subsect. Lophanthoideae. Epling (1939) also stated the intermediate 
condition of this species. The taxonomic position of Salvia compsostachys, according to Epling’s subsectional 
classification is also unclear since its corolla tube is naked, but the other characters concide with those that 
defined Lophanthoideae. Epling described this species after his revision of Salvia subg. Calosphace, and he did 
not assigned it to any subsection (Epling 1939, 1940). In summary Epling’s subsectional classification is not 
followed here because its ambiguity and impracticality of recognizing subsections with few species. 

Taxonomic Treatment 

Salvia L., Species Plantarum 1: 23 (1753). 

Lectotype (designated Britton and Brown 1913: 128): Salvia officinalis L. 

Schraderia Medik., Philosophische Botanik... Mannheim 2: 40 (1791). 

Audibertia Benth. in Lindley, Edward's Bot. Reg. 15: sub 1.1282 (1829). 

Kiosmina Raf., Fl. Tellur. 3: 92 (1836). 

Salviastrum Heist, ex Fabr., Enum. 231 (1759). 

Polakia Stapf, Denkschr. Kaiserl. Akad. Wiss., Wien Math.-Naturwiss. Kl. 50(2): 43 (1885). 

Ramona Greene, Pittonia 2(12): 301 (1892). 

Pycnosphace (Benth.) Rydb.,E7. Rocky Mts. 1066 (1918). 

Arischrada Pobed., Novosti Sist. Vyssh. Rast. 9: 247 (1972). 

Herbs or shrubs, annual or perennial, often aromatic, with glandular hairs, glabrous to variously pubescent, 
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sometimes with branched hairs. Leaves simple, sessile or pedicellate, pinnatifid to pinnatisect, usually dentate, 
serrate to lobate, sometimes entire. Inflorescence spiciform racemes with 2-many-flowered verticillasters at each 
node or less frequently a thyrse, flowers distinctly to shortly pedicellate. Floral bracts deciduous or persistent, 
tiny and inconspicuous to large and showy, entire, dentate to serrate, or rarely spinulose. Bracteoles present or 
absent. Flowers small or large. Calyx ovoid, tubular or campanulate, glabrous at the throat, 15-veined, often 
accrescent, bilabiate, 3- or 5-lobed, upper lip entire to sometimes 3-dentate or 3-lobed, lower lip alway 2-lobed. 
Corolla tube included or exserted from calyx, bilabiate, with uniform diameter throughout or ventricose to 

expanded toward lips, straight or invaginated near base, internally naked or ornate with 2-4 papillae or folds; 
upper lip usually erect and concave as a hood, entire or emarginate, lower lip 3-lobed, incurved to deflexed, 
with middle lobe wider and emarginate or rarely entire. Stamens 2, inserted or exserted from corolla, with 1 or 
2 fertile thecae; filaments short; connective extended, usually larger than filament, entire, geniculate or dentate, 
anterior arm always bearing a fertile theca, posterior generally without fertile theca and connate between both 
stamens; staminodes usually present. Gynobasic disc 4-lobed (lobes between ovary locules) with one usually 
larger (gynobasic horn); style bifid at apex, pubescent to glabrous, branches subulate, equal or unequal in 
length, lower stylar branch acute, truncate or sigmoid. Mericarps ovoid, triquetrous to lenticular, concolorous 
to variously marbled, usually glabrous or pilose and sometimes covered with branched hairs, smooth to 
verrucose, with a small abscission scar, mucilaginous or not. 2n = 12, 14, 16, 18, 14, 20, 22, 24, 26, 28, 30, 32, 
34, 36, 38, 42, 44, 46, 48, 60, 66, 84, 86,240. 

Salvia subg. Calosphace (Benth.) Epling, Repert. Spec. Nov. Regni Veg. Beih. 110: 4 (1939). 

Basionym: Salvia sect. Calosphace Benth., Labiat. Gen. Spec. 198 (1833). 

Calosphace (Benth.) Raf., FI. Tellur. 3: 91. (1836). 

Lectotype (designated by Epling 1939: 4): Salvia coccinea Buc’hoz ex Etl. 

Salvia sect. Microphace Benth., Labiat. Gen. Spec. 198 (1832). 

Salvia subg. Jungia Briq. in Engl., Nat. Pflanzenfam. 4(3a): 277 (1897). 

Herbs perennial, rarely annual, shrubs or arborescent plants. Leaves petiolate or sessile; blades mostly ovate, also 
elliptic, narrowly ovate to linear, reniform to deltoid, thin to subcoriaceous, usually bullate above, glabrous or 
variously pubescent, sometimes with branched and/or glandular-capitate hairs. Flowers arranged in spiciform 
racemes with verticillasters or thyrses at each node, terminal or axillary, rarely the flowers solitary or in small 
fascicles at the axils, surrounded by inconspicuous or conspicuous, deciduous or persistent bracts; bracteoles 
usually absent. Upper calyx lip usually entire, less frequently trimucronate, 3-9-veined. Corolla concolorous 
or nuance, blue, red, magenta to pink, violet or rarely white or yellow; tube straight to ventricose, internally 
naked or ornate with 2 or 4 papillae or folds, often invaginate at the base; upper lip erect, hooded, lower lip 
3-lobed, the middle lobe emarginate. Stamens inserted or exserted; fertile theca l(or 2); connective geniculate, 
dentate or entire, posterior arms of both stamens distally connate; staminodes 2, usually present. Style pilose 
to glabrous, lower branch acute, truncate or sigmoid. 

Salvia sect. Membranaceae (Benth.) Epling, Repert. Spec. Nov. Regni Veg. Beih. 110: 143 (1939). 

Basionym: Salvia subsect. Membranaceae Benth., Labiat. Gen. Spec. 202 (1833). 

Type: Salvia bupleuroides J.Presl ex Benth. 

Herbs annual or perennial and delicate, or shrubs erect, or trailing to subscandent. Leaves generally ovate, 
narrowly ovate, rhombic, elliptic or narrowly lanceolate. Inflorescences in compact or lax racemes, verticillasters 
many-flowered (usually with more than 10 flowers), floral bracts persistent, reniform, membranaceous 
with manifest reticulate veins, abruptly acuminate at the apex, cordate to truncate at the base, often showy 
coloured, somehow translucent, with venation reticulate (visible to the naked eye). Flowers subsessile to 
shortly pedicellate. Calyx with upper lip 5-9-veined, deltoid, obtuse to acute, lobes of the lower lip more or less 
enclosing the throat at maturity. Corolla sky blue to violet, part of tube and sometimes upper lip white, lower 
lip generally with white nectar guides; tube straight or ventricose, straight or invaginate at base, internally 
naked to ornate with 2 or 4 papillae; upper lip shorter than lower one, bordered with glandular-capitate hairs 
at ventral portion. Stamens included in corolla; connective ornate with a retrorse or antrorse acute or truncate 
tooth at midportion. Gynobasic horn longer than ovules; style glabrous or rarely pubescent, upper branch 
attenuated, lower branch rounded or obutse and caniculate. Mericarps ovoid or lenticular, concolorous or 
irregularly marbled, smooth and glabrous. 
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Key to the species of Salvia subg. Calosphace sect. Membranaceae 

Leaves sessile or subsessile; petioles up to 8 mm long.2 

Leaves petiolate; petioles of midstem leaves >15 mm long.3 

Blades narrow lanceolate, 6-15 cm long; inflorescence 5-12 cm long, verticillasters usually crowded 
(Jalisco, Mexico) .S. mexiae 

Blades ovate to narrowly ovate, 2-3(-5.5) cm long; inflorescence (9-) 14-24 cm long, lax (Oaxaca and 
Guerrero, Mexico) .S. nitida 

Annual herbs, usually < 80 cm tall; corolla tube internally epapillate; lower stylar branch truncate; 
mericarps lenticular and uniformely black.4 

Perennial herbs, subshrubs to shrubs, usually >100 cm tall; corolla tube internally papillate or 
epapillate, lower stylar branch acute or truncate; mericarps ovoid, brown and irregularly dark brown 
marbled.5 

Inflorescence in racemes with only one verticillaster or rarely two, and floral axis arranged in 
pseudo-umbels; lower stylar branch oblong and slightly curved upward at the apex (Guerrero, Mexico) 
. S. bupleuroides 

Inflorescence in racemes generally with 3-25 verticillasters, floral axis not arranged in pseudo-umbels; 
lower stylar branch truncate (widely distributed through the Mexican eastern and western mountain 
ranges to north of South America) . S. lasiocephala 

Corolla tube epapillate. 6 

Corolla tube papillate. 7 

Subshrub; violet to bluish floral bracts and calyces, sometimes with green tinge; upper calyx lip 
5-7-veined; connective 1.2-1.4 mm long; lower stylar branch truncate (eastern Mexico: Nuevo Leon, 
Tamaulipas, Queretero, Hidalgo, northern Veracruz and northern Puebla) .S. compsostachys 

Perennial herb; magenta to reddish floral bracts and calyces, sometimes with green tinge or green; 
upper calyx lip alway 5-veined; connective 2-2.3 mm long; lower stylar branch acute (NW Mexico: 
Sonora, Chihuahua and Durango).S. verecunda 

Blades broadly to narrowly ovate, with base rounded to subcordate; floral bracts long caudate at apex 
(cauda up to 8.2 mm long, longer or as long as a half bract length); mericarps 1.1-1.3 mm long, 
0.6-0.9 mm diam. (Mexico: northeastern Queretaro and northwestern Hidalgo, eastern Guerrero and 
western Oaxaca) .8 

Blades ovate, narrowly ovate, elliptic to rhombic-ovate, cuneate, rounded, rounded and shortly 
cuneate, truncate, to long-attenuated; floral bracts generally acuminate at apex, or if caudate, then 
cauda less than half bract length; mericarps 1.2-2.3 mm long, 1-1.6 mm diam. (Mexico: variously 
distributed but not present in Queretaro nor Hidalgo).9 

Floral axis covered with glandular-capitate hairs; cauda of floral bract 5-8.2 mm long; pedicel in flower 
(1.3—) 1.5—2(—2.8) mm long; calyx 7-8 mm long, 3-3.7 mm diam., alyx lips (1—) 1.6—2.2 mm long, 
upper one 5- or 7-veined; corolla tube 6-6.9(-7.7) mm long, 1.8-2.9(-3.4) mm diam.; style (6-) 
8.7-9.8 mm long .S. glabra 

Floral axis without glandular-capitate hairs; cauda of floral bract 2.3-4.8 mm long; edicel in flower 
0.2-0.5 mm long; calyx 5-5.9 mm long, 2.3-3.1 mm diam., calyx lips 1.1-1.2 mm long, upper one 
5-veined; corolla tube 5-5.6 mm long, 2.3-3.1 mm diam.; style 6.7-7.4 mm long .S. lophanthoides 

Trailing to subscandent shrubs; corolla violet, tube (6.3-)7.5-9.6(-10) mm long, (3-)4.3-5.5 mm 
diam.; connective 4.5-5.6 mm long .S. confertispicata 

Erect or subscandent shrubs; corolla sky to pale blue and sometimes with corolla tube and upper lip 
white, tube (4.4-)5-7 mm long, 2.2-3.8 mm diam.; connective 2.4-5.2 mm long.10 

Floral bracts usually exceeding pedicel and calyx length; Calyx 5-7.5 mm long, 2-3.2(-4) mm diam., 
lips short, acute or subtruncate, up to 1.6 mm long, lobes of lower lip distinct; corolla tube not 
invaginated at base (widely distributed from the Trans-Mexican Volcanic Belt to northern Nicaragua) 
.S. mocinoi 

Floral bracts usually not exceeding pedicel and calyx length; calyx (7.2-)7.6-9.1 long, 4-5.7 mm diam., 
lips acute, 2.5-4.3 mm long, lobes of lower lip usually connate % to 3A of their length; corolla tube 
invaginated at base (Mexico: southern Sinaloa and Nayarit, or Guerrero).11 
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11a. Subscandent shrubs; blades lanceolate to narrowly ovate; upper calyx lip 7-veined; style glabrous; 
mericarp (1.1—)1.6—1.8 mm long (plants from Guerrero, Mexico).S. langlassei 

1 lb. Erect shrubs; blades elliptic to rhombic-ovate; upper calyx lip 5-veined; style dorsally hispidulous at 
apex; mericarp (1.7-)2.2-2.3 mm long (Mexico: southern Sinaloa and Nayarit).S. sanctae-luciae 

1. Salvia bupleuroides J.Presl ex Benth., Labiat. Gen. Spec. 271 (1833). 

Type: MEXICO. Guerrero: road from Acapulco to Mexico City, 1832 (f[),Haenke s.n. (lectotype PR, isolectotype 
K!; designated in Epling 1939: 145). (Figs 1,2L, 3A). 

Annual herb, erect, 20-70 cm tall; stems pilose and moderately hirsute. Leaves with petioles (0.5-) 1-1.8 cm 
long, covered with retrorse hairs, glandular-capitate hairs sometimes present; blades broadly ovate to rhombic- 
ovate, 1.6-2.7(-5) cm long, (0.8-) 1-1.9 cm wide, base rounded to subcordate or truncate to subcuneate, 
margin crenate to serrate, apex acute, both surfaces glabrous or tiny puberulent. Inflorescences composed by 
several monocephalous (one verticillaster) or rarely bicephalous (two verticillasters) racemes in a secondary 
umbelliform arrangement (3-8 racemes per pseudoumbel), floral axis (3.6-)6-19(-28) cm long, covered with 
glandular-capitate hairs and/or eglandular retrorse ones, with verticillasters 10-32-flowered. Floral bracts broadly 
ovate to reniform, 5.4-13 mm long, (7-) 10-14.6 mm wide, persistent, green and irregularly magenta tinged, 
sparsely covered with eglandular hairs in outer surface, inner surface glabrous, base subcordate, margin serrate 
and bordered with short glandular-capitate hairs and/or eglandular ones, apex acuminate. Pedicel 1-2 mm 
long, covered with short glandular-capitate hairs. Calyx 3.5-4.6(-5.5) mm long, (1.5—)2.6—3.8(—4.4) mm diam., 

usually green, densely covered with glandular-capitate hairs and sparsely glandular dotted, covered with short 
conical hairs on inner surface, lips short acute, 1-1.4 mm long, upper lip 5-veined. Corollas sky blue with white 
nectar guides on lower lip, upper lip sparsely pilose and bordered with glandular-capitae hairs, the rest glabrous; 

tube 3.7-4.5 mm long, 1-1.2 mm wide, ventricose and not invaginated at base, internally naked (epapillate); 
upper lip 1-2 mm long, lower lip 3.4-4.1 mm long, 4.5-5 mm wide. Stamens included; filament 0.5-1 mm long; 

Fig 4. Distribution maps of A) Salvia bupleuroides, B) S. compsostachys, C) S. confertispicata, and D) S. glabra. 
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connective 1.2-1.5 mm long, with a rounded antrorse tooth near insertion of theca; theca 0.5-0.7 mm long; 

staminodes absent. Gynobasic horn 0.5-1 mm long; style 2.5-4 mm long, glabrous (very rarely and scarcely 
pilose) at apex, lower branch oblong (1 mm long) and slightly curved upward at apex, and truncate. Mericarp 
lenticular, 0.5-1 mm in diam., uniformly black, smooth, glabrous. 

Distribution, habitat and phenology: Salvia bupleuroides is endemic to the lowlands of the state of Guerrero, 
Mexico (Fig. 4A). It grows in open areas in the confluence between pine-oak or pine, with tropical deciduous 
forests, from 700-1050 m elevation. It shares habitat with Acacia farnesiana (L.) Willd., A. cochliacantha 
Humb. & Bonpl. ex Willd, Asterohyptis stelullata (Benth.) Epling, Clethra lanata M.Martens & Galeotti, 
Cochlospermum vitifolium (Willd.) Spreng., Elytraria imbricata (Vahl) Pers., Lobelia laxiflora Kunth, Pinus 
oocarpa Shiede ex Schltdl., Quercus glaucescens Bonpl. It flowers and fruits from October to February. 

Etymology: The name of this species derives from the greek word fou (bou, ox) and nAsupov (pleuron, rib), 
such epithet is used to designate several plants that belong to the current genus Bupleurum L. (Apiaceae); 
hence, it makes reference to the likelihood between the umbels of those species and the pseudoumbels of this 
Salvia. 

Specimens examined: MEXICO. Guerrero: km 339-40 between Acahuizotla and Agua de Obispo on highway to 

Acapulco, 914 m, 30 September 1949, (fl, fr), H.E. Moore 5124 (UC); Mexico Acapulco highway N of Acapulco, 807 m, 

23 fanuary 1955 (fl), M.C. Carlson 3100 (MICH); carretera cerca de Acapulco, 24 December 1958 (fl), L. Paray2849 (ENCB, 

MEXU); entre Chilpancingo y Tierra Colorada, 27 December 1954 (fl), L. Paray 1485 (ENCB); Rincon Viejo, 17°1740'N, 

99°30'00"W 750 m, 1 November 1960 (fl), G.B. Hinton etal. 580 (ENCB, MEXU); 1.5 miles W of logging road off Mexico 

Hwy 95 (Acapulto to Iguala), 0.2 miles S of km 34 marker, 18.7 miles S of Chilpancingo, 25 October 1975 (fl), K.M. 

Peterson et al. 333 (MEXU); 5.2 km al O del Ocotito, camino a faleaca, 735 m, 10 November 1982 (fl), R. Torres-C. et al. 

1757 (ENCB, MEXU, XAL); 3.5 km al N de Soyatepec, brecha maderera, 920 m, 12 November 1982 (fl, fr), M. Martinez-M. 

and R. Torres-C. 2574 (MEXU); 3.5 km al SE de Soyatepec por el camino al cerro El Toro, 17°18'40"N, 99°32'00"W, 1000 m, 

14 November 1982 (fl), L.C. Rodnguez-M. 2492 (MEXU); 5 km al O de El Ocotito, camino a faleaca, 700 m, 24 November 

1983 (fr), E. Martinez-S. 5744 (IBUG, MEXU); Agua de Obispo, 25 km al NE de Tierra Colorada, 1040 m, 29 October 

1984 (fl),/.C. Soto-N. 6863 (MEXU); Tecpan, El Campamento, 2 km al NE de El Porvenir, 780 m, 7 February 1986 (fl), /.C. 

Soto-N. etal 12316 (MEXU); Chilpancingo, 5 km al NO de El Ocotito, por la brecha hacia Tlahuizopa (faleaca), a la orilla 

de la brecha, 17°16T2.4"N, 99°33'34.6"W, 716 m, 1 February 2010 (fl, fr),/.G. Gonzdlez-G.594 (CIIDIR, ENCB, GUADA, 

IBUG, IEB, MEXU, XAL, ZEA). 

Epling (1939) regarded Salvia bupleuroides as a synonym of S. galinosogifolia Fernald, though he recognize the 
species as valid in an unpublished manuscript held at the Royal Botanic Gardens, Kew, and at the University 
of Maryland. S. bupleuroides is here regarded as a valid species, distinct from S. galinsogifolia, and the latter 
as a synonym of S. lasiocephala. Salvia bupleuroides has monocephalous inflorescences, secondarily arranged 
in pseudoumbels, and the lower stylar branch is oblong and upwardly curved, whereas S. lasiocephala has 
terminal or axillary racemes with at least 3 verticillasters per floral axis, and lower stylar branches that are 
truncate and straight (not curved). Some specimens of S. lasiocephala, for example, Rzedowski 17898 (MEXU), 
Gonzalez-O.234 (MEXU) and Saunders-S. 1589 and Dieringer (MEXU), all exhibit axillary inflorescences with 
only one verticillaster, but not arranged in pseudoumbels, and accompanied with a terminal inflorescence with 
more than three verticillasters; so they cannot be confused with S. bupleuroides. 

The nearest populations of Salvia bupleuroides to the coastline in Guerrero (municipality of Tecpan de 
Galeana) present glandular-capitate hairs in stems, petioles and leaves; the populations of the municipality 
of Chilpancingo either do not have glandular-capitate hairs or if present, these hairs are sparser than usual on 
stems, petioles and leaves. 

2. Salvia compsostachys Epling, Bull. Torrey Bot. Club 67: 519 (1940). 

Type: MEXICO. Nuevo Leon: Villa de Santiago, trail between Potrero Redondo and Las Ajuntas, 24 August 1939 
(fl), C.H. Muller2982 (holotype UC, isotype LL). (Figs 2F, 3B, 5). 

Shrub to subshrub, erect, 30-80(-100) cm tall; stems moderately pilose between ribs. Leaves with petioles 
(1.5—)3—6 cm long, moderately pilose; blades ovate or narrowly ovate, (3.1-)5-8 cm long, (1.5-)3-3.7(-5) 
cm wide, base rounded or shortly cuneate, margin crenate to serrate, apex long-acuminate, upper surface 
sparsely pilose, lower one pilose, mainly on veins. Inflorescences in racemes, floral axis 14-21 cm long, pilose, 
with 5-9 verticillasters, each one 8-12-flowered, verticillasters 1-4 cm apart, gradually increasing toward base. 
Floral bracts reniform to ovate, (7-) 10-12.2 mm long, 8-12 mm wide, persistent, violet to bluish and green 
tinged, outer surface sparsely pilose, inner one glabrescent, base truncate to subcordate, margin entire and 
profusely bordered by a line of simple and glandular-capitate hairs, apex abruptly acuminate (acumen up 
to 2.5 mm long). Pedicel (1.6-)2.1-3 mm long, densely pilose. Calyx (4.6-)5-6 mm long, (1.9—)3—3.3 mm 
diam. in flower (up to 6.5 mm long, 4 mm diam. in fruit), violet to bluish and green tinged, externally pilose 
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with eglandular and glandular-capitate hairs, internally sparsely covered with tiny conical hairs, lips acute and 
widely deltoid, 2-2.5 mm long, the upper one 5- or 7-veined. Corolla sky blue and with white nectar guides on 
lower lip, only upper lip shortly pilose and covered with short glandular-capitate hairs; tube 4-4.6 mm long, 
1.7-2 mm wide, not ventricose, base not invaginated, internally naked (epapillate); upper lip (1.6-)2-2.7 mm 
long, lower lip (4.1-)5.3-7.8(-8.5) mm long, (5.8-)6.8-7.4 mm wide. Stamens included; filament 0.7-1.1 mm 
long; connective 1.2-1.4 mm long, ventrally ornate with an acute tooth at midpoint; theca 0.8-0.9 mm long; 
staminodes absent or present above and behind filament insertion. Gynobasic horn 0.5-1 mm long; style 
5-5.7 mm long, glabrous, lower branch short and truncate at apex. Mericarp ovoid, 0.9-1.1 mm long, 
0.5-0.7 mm wide, light brown and irregularly dark brown marbled, smooth, glabrous. 

Distribution, habitat and phenology: Salvia compsostachys is endemic to the Mexican states of Nuevo 
Leon, Tamaulipas, San Luis Potosi, Queretaro, Hidalgo, northern Veracruz and northern Puebla (Fig. 4B). It 
inhabits oak and montane cloud forests, and subtropical scrubs from (550-)1000-1500(-1900) m elevation. 
It grows together with Bocconia frutescens L., Bunchosia lanceolata Turcz., Cary a ovata (Mill.) K.Koch, 

Cyathea mexicana Schltdl. & Cham., Dendropanax arboreus (L.) Decne. & Planch., Dodonaea viscosa Jacq., 
Euphorbia dioscoreoides Boiss, Heimia salicifolia Link, Heliocarpus terebinthinaceus (DC.) Hochr., Juglans 
mollis Englem., Licaria peckii (I.M. Johnst.) Kosterm., Liquidambar styraciflua L., Ostrya virginiana (Mill.) 
K. Koch, Platanus mexicana Moric., Prunus samydoides Schltdl., Quercus coccolobifolia Trek, Q. laeta Liebm., 
Q. polymorpha Schltdl. & Cham., Q. rysophylla Weath., Pinus greggii Engelm. ex Park, Rollinia membranaceae 
Triana & Planch., Sideroxylon palmeri (Rose) T.D.Penn. and Turpinia insignis (Kunth) Tul. It flowers and fruits 
from May to December. 

Etymology: The name of this species derives from greek words Kop\j/oc; (compsos, graceful), and otayua 
(stachys, spikelet); making reference to its delightful inflorescences. 

Fig. 5. Salvia compsostachys. A) detail of the verticillaster; B) leaf blade; and C) inflorescence (taken by J.G. 
Gonzalez-G.). 
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Specimens examined: MEXICO. Hidalgo: Puerto del Zopilote, near km 329 on highway between Santa Ana and 

Chapulhuacan, 1158 m, 25 September 1949, (fl), H.E. Moore 5078 (UC); Mex. Highway 85 at town of Palomas, 41.4 mi S 

of Tamazunchale and 22.9 mi N of Jacala, 1480 m, 4 July 1979 (fl, fr), C.R. Broome and R.K. Solomon 2490 (MEXU); 10 km 

al NE de Tenango de Doria, hacia San Bartolo Tutotepec, 1240 m, 20 June 1983 (fl), R. Torres-C. 3002 and H. Hernandez 

(MEXU). Nuevo Leon: Villa de Santiago, trail between Potrero Redondo and Las Ajuntas, 14 August 1920, (fl), C.H. Midler 

2982 (UC); Horsetail falls near Villa de Santiago, 10 miles of Monterrey, August 1934, (fl), L.A. Kenoyer 134 (UC); Horstail 

Falls, 10 October 1937 (fl), L.A. Kenoyer 342 (F); near Las Mitras, 4 mi from Monterrey, August 1946 (fr),/./. Roybal 640 

(MEXU); Cola de Caballo, Monterrey, 17 September 1959 (fl, fr), C.L. Diaz-F. s.n. (ENCB); Hacienda Cola de Caballo, 

formerly Hacienda Vista Hermosa, ca. 30 km S of Monterrey, 25.37°N, 100.17°W, 900 m, 1 December 1985 (fl, fr), S.A. 

Reisfield 1308 (MEXU, XAL); Canon El Diente, Sierra Madre Oriental, 20 km al S de Monterrey, 25.57°N, 100.23°W, 

700 m, 21 September 1989 (fl),/. Valdes-R. etal. 1964 (CHAPA), 4964 (MEXU); Aramberri, cerro El Viejo, 1270 m, 2 October 

1993 (fl, fr), G.B. Hinton etal. 23825 (MEXU,MO). Puebla: Ixtepec, Hotel Mi Ranchito, Villa Juarez, 1600 m, 1 November 

1966 (fl), L.M. Villarreal de Puga 12673 (IBUG). Queretaro: alrededores de Agua Zarca, 1300 m, 12 October 1987 (fl), 

/. Rzedowski 45224 (IEB); 2 km al NE de El Humo, 1100 m, 13 December 1989 (fl, fr), H. Rubio 1413 (IEB); 6.5 km al 

NE de El Humo por el camino a Neblinas, 21.26°N, 99.97°W, 1120 m, 25 September 2002 (fl), S. Zamudio-R. 12116 and 

V. Steinmann (IEB). San Luis Potosi: km 253 de la carretera San Luis Potosi-Antiguo Morelos, 1200 m, 28 October 1956 (fl, 

fr),/. Rzedowski 8370 (ENCB); 5 km al NE de ejido de Xilitlilla, 1400 m, 5 May 1959 (fl),/. Rzedowski 10543 (ENCB); 5 km 

al W de Ahuacatlan, 1450 m, 16 September 1970 (fl), /. Rzedowski 27705 (MEXU); entrada a Xilitla a partir de la carretera 

Queretaro-Xilitla, 21.32°N, 9.96°W, 1170 m, 22 August 2010 (fl),/.G. Gonzdlez-G. 654 (ENCB, IBUG, IEB, MEXU, ZEA); 

4 km al O de Ahuacatlan, a la orilla de la carretera Xilitla-Landa de Matamoros, cerca de La Gloria, 21.31 °N, 99.06°W, 1245 

m, 25 August 2010 (fl), J.G. Gonzdlez-G. 656 (ENCB, IBUG, IEB, MEXU, ZEA). Tamaulipas: near Frank Harrison’s rancho 

El Cielo, in Sierra de Guatemala, above Gomez Farias, 28 August 1952, (fl), A.J. Sharp et al. 52098 (UC); near rancho 

El Cielo, 1000 m, 27 August 1955 (fl), A.J. Sharp 50289 (UC); Aldama, region of Rancho Las Yucas, ca. 40 km NNW of 

Aldama, 14 October 1957, (fl, fr), R.L. Dressier 2418 (UC); Puerto de Arrazola, Sierra de Guadalupe, 18 August 1985 (fl, 

fr), F. Gonzalez-M. et al. 14722 (MEXU); Victoria, Puerto El Encinal, 6 km al Sur de la Escondida, 1900 m, 18 August 1985 

(fl, fr), F. Gonzalez-M. et al. 14722 (MEXU521372); rancho el Cielo, 11 km al NO de Gomez Farias, 1200 m, 19 September 

1971 (fl, fr), F. Gonzalez-M. et al. 3592 (MEXU); rancho El Cielo (Harrison Rancho of Martin and Harrell), 6.4 km NW of 

Gomez Farias, 108 km SSW of Ciudad Victoria, 1100-1300m, 11 August 1991 (fl), H.H. litis 30628 and B. Simon (WIS); 

Hidalgo, Divisadero, 1025 m, 21 September 1994 (fl, fr), G.B. Hinton etal. 24799 (IEB, MEXU, MO); km 86 de la carretera 

Ciudad Victoria-Soto La Marina, 550 m, 12 December 2003 (fl), S. Zamudio-R. 12679 and A. Ibarra (IEB). Veracruz: Dos 

Rios, El Roble, 600 m, 8 June 1979 (fl), F. Ventura-A. 16188 (XAL); Tepetzintla, Sierra de la Pena Blanca, Sierra de Tantima, 

21°19'24"N, 97°51'42"W, 21 September 1989 (fl),P. Zamora-C. etal. 1232 (XAL). 

Salvia compsostachys is similar to Salvia verecunda. However, it is distinctive by its violet to bluish and green 
tinged floral bracts and calyces (S. verecunda: magenta to reddish and green tinged, or green), 5-7-veined upper 
calyx lip (S. verecunda: always 7-veined), shorter connective (1.2-1.4 mm long; S. verecunda: 2-2.3 mm long), 

and truncate lower stylar branch (S. verecunda: acute). Furthermore, the arid lands of the Central Mexican 
Plateau separates both species, the first growing in Sierra Madre Oriental (Nuevo Leon, Tamaulipas, San Luis 
Potosi, Queretaro, Hidalgo, Veracruz and Puebla), and the second in Sierra Madre Occidental (Chihuahua, 
Sonora and Durango; compare Figs 4B vs 13D). 

It is also morphologically similar to Salvia glabra, but can be differentiated from this by its abruptly acuminate 
floral bracts (S. glabra: long caudate at the apex), shorter calyces in flower (4.6-6 mm long, compared to 
S. glabra: 7-8 mm long), shorter corolla tube (4-4.6 mm long; S. glabra: 6-6.9(-7.7) mm long), shorter upper 
corolla lip (1.6-2.7 mm long; S. glabra: (2.6-)3-3.9 mm long), shorter connective (1.2-1.4 mm; S. glabra: 
(2.3-)3.2-5 mm long), shorter style (5-5.7 mm long; S. glabra: (6-)8.7-9.8 mm long), and lower stylar branch 

truncate (S. glabra: acute). They have not been collected in the same locality, though their general distributions 
overlap in Queretaro and Hidalgo region (Figs 4B, D). 

3. Salvia confertispicata Fragoso & Mart.Gord., Acta Bot. Mex. 103: 2 (2013). 

Type: MEXICO. Guerrero: Chilpancingo, 4.5 km al SW de Omiltemi por el camino a La Soledad, 2360 m, 
18 January 1984,/. Contreras 1456 (holotype FCME, isotypes IEB, MEXU, NY). (Figs 2J, 3C, 6). 

Shrub, trailing to subscandent, (0.8-)1.5-2.5(-4) m long; stems pilose and soon glabrescent. Leaves with 
petioles (0.7-) 1.4-3(-3.7) cm long, caniculate, the ribs bordered by a line of simple hairs; blades ovate to 
narrowly ovate, (2.6-)3-5(-8.9) cm long, (1.2-)2-3(-5) cm wide, base rounded and shortly cuneate to 
truncate, margin serrate, apex acute to acuminate, upper surface glabrous or pilose on the main vein, lower 
surface sparsely pilose, mainly on the veins. Inflorescence in racemes, floral axis (2.5-)3.5-6(-7.8) cm long, 
sparsely pilose, with 3-4(-8) verticillasters, each one 6-20-flowered, up to 1.5 cm gradually apart toward the 
base in mature inflorescences. Floral bracts ovate, (5.1-) 11-14.5 (-16.8) mm long, (5.2-) 10-15 (-24) mm wide, 
persistent, dark violet, both surfaces almost glabrous, base truncate to subcordate, margin entire and sparsely 
ciliated, apex acuminate to caudate (cauda up to 4.5 mm long). Pedicel (1.2-) 1.5-2 mm long in flower (up to 
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4.8 mm long in fruit), pilose. Calyx 6-7(-8.4) mm long, (2.8-)3.5-5.1 mm diam. (up to 8.6 mm diam. in fruit), 
dark violet, sparsely pilose and covered with glandular-capitate hairs, internally covered with short conical 
hairs, lips acute, (1.7-)2.4-2.8 mm long, upper lip 7-veined. Corolla violet with whitish nectar guides on the 
lower lip, pilose and covered with glandular-capitate hairs in the upper lip and along the throat; tube 7.5-9.6 
(-10) mm long, 4.3-5.5 wide, slightly ventricose, invaginated at base, internally ornate with a pair of papillae 
(1 mm long); upper lip 2.9-4.4 mm long, lower lip 4.7-8 mm long, 6.6-8 mm wide. Stamens included; filament 

1.4-2.1 mm long; connective 4.5-5.6(-7.6) mm long, ventrally ornate with an acute tooth at midportion; 
theca (1.4-) 1.8-2 mm long; a pair of staminodes present above and behind filament insertion. Gynobasic horn 
0.6-0.8 mm long; style 8.8-11.5(—13) mm long, glabrous, lower branch acute. Mericarps ovoid, 2-2.2 mm 
long, 1.5-1.6 mm wide, light brown and irregularly dark brown marbled, smooth, glabrous. 

Distribution, habitat and phenology: Salvia confertispicata is endemic to the Mexican states of Guerrero 
and Oaxaca (Fig. 4C). It grows exclusively in Sierra Madre del Sur, in montane cloud, pine-oak, pine, 
and oak forests, from (1779-)2200-2800 m elevation. It shares habitat with Abies guatemalensis Rehder, 
Chiranthodendron pentadactylon Larreat., Clethra galeottiana Briq., Cleyera integrifolia (Benth.) Choisy, 

Fig. 6 . Salvia confertispicata. A) hanging down branches along the walls of a ravine; B) leaf blade; C) inflorescence; 
D) frontal view of the flowers; and E) lateral view of the uppermost flower (taken by J.G. Gonzalez-G.). 
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Clinopodium macrostemum (Moc. & Sesse ex Benth.) Kuntze, Oreopanax echinops (Cham. & Schltdl.) Decne. 
& Planch., Pinus ayacahuite C.Ehrenb. ex Schltdl., P. oocarpa Schiede ex Schltdl., P. strobus L., Quercus acutifolia 
Nee, Q. castanea Nee, Q. magnoliifolia Nee, Q. liebmannii Oerst. ex Trel., Q. nixoniana S.Valencia & Lozada- 
Perez, Q. obtusata Bonpl, Roldana langlassei (Greenm.) H.Rob. & Brettell, Salvia carnea Kunth, S. cinnabarina 
M.Martens & Galeotti, S. karwinskii Benth., S. mexicana L., S. mocinoi Benth., S. polystachya Cav., S. protracta 
Benth., S. roscida Fernald, S. tricuspidata M.Martens & Galeotti, S. tubifera Cav., S. vitifolia Benth. and Villadia 
nelsoni Rose. It flowers and fruits from the end of October to beginnings of May. 

Etymology: The name of this species makes reference to its typical compact inflorescences, from the latin 
confertus (crowded, dense, thick) and spicatus (spike). 

Specimens examined: MEXICO. Guerrero: Sierra Madre prope Chilpancingo, 2743-3048 m, 24 December 1894 (fl, fr), 

E.W. Nelson 2206 (UC); San Antonio Buenos Aires, district Montes de Oca, 22 December 1937 (fl), G.B. Hinton et al. 

11703 (UC); second ridge W of Petlacala, 1915 m, 1 January 1938 (fl, fr), Y.E.J.Mexia 9058 (UC); Laguna Soyate, 2100 m, 

23 March 1939 (fl), G.B. Hinton et al. 14106 (UC); Puerto Rico, distr. Mina, 1750 m, 15 April 1939 (fl, fr), G.B. Hinton 

14162 (ENCB); Puerto Rico, 1700 m, 15 April 1939 (fl, fr), G.B. Hinton et al. 14168 (UC); cerro de Teotepec, December 

1946 (sterile), L. Paray 82 (ENCB); cerro Teotepec y cercanlas, March 1947 (sterile), L. Paray 4034 (MEXU); 5 km al W 

de Camotla, 2600 m, 8 April 1963 (fl), /. Rzedowski 16404 (ENCB, MEXU); about 10 km W of Camotla, about 40 km W 

of Chilpancingo, 2500 m, 30 November 1963 (fl), J.V.A. Dieterle 3184 (MICH); Puerto Chico, 10 km al W de Camotla, 

2500 m, 30 November 1963 (fl), /. Rzedowski 18005 (ENCB); at and just below summit of cerro Alquitran, 17-18 km by 

road west of Mex. highway 95 and Mazatlan, 2600 m, 6 December 1966 (fl), W.R. Anderson 4427 and G.W. Laskowski 

(ENCB); cerro Alquitran, cerca de Mazatlan, 2600 m, 6 December 1966 (fl), /. Rzedowski 23671 (ENCB); cerro Alquitran 

(cima), 17°23'30"N, 99°31'31"W, 2400 m, 2 May 1969 (fl), H. Kruse 2485 (MEXU, IEB); eastern slopes of cerro Alquitran, 

5-7 km (straight line distance) west-southwest of Mazatlan, 2450 m, 11 February 1970 (fl), W.R. Anderson 5712 and 

C. Anderson (ENCB); WNW of Filo del Caballo on road to Puerto El Gallo, 2500 m, 11 November 1973 (fl), D.E. Breedlove 

36012 (MEXU); 16 km al SW de Filo de Caballo, along road to Atoyac, 2590 m, 5 October 1988 (fl), D.E. Breedlove 64928 

(MEXU); 6 km al W de Omiltemi, camino a la Soledad Las Joyas, 27 March 1982 (fl), E. Martinez-S. 270 and O. Tellez 

(ENCB, XAL); 6 km al NW de Omiltemi, brecha Chilpancingo-Omiltemi-Las Joyas, 2530 m, 11 November 1982 (sterile), 

P. Tenorio-L. et al. 2658 (IBUG, MEXU); 10 km adelante de la vuelta rumbo a Atoyac, 2530 m, 8 January 1983 (fl), A.R. 

Lopez-F. 220 (MEXU); Nueva Delhi, 23 km al NE de Paraiso, carretera Atoyac-Filo de Caballo, 1510 m, 1 February 1983 

(fl, fr), P. Tenorio-L. et al. 3227 (MEXU); 12 km al SO de Filo de Caballo camino a Puerto del Gallo, 2580 m, 25 February 

1984 (fl), E. Martinez-S et al. 6144 (XAL); 26 km al SW de la Hierbabuena, camino a Filo de Caballo-Pto. Del Gallo, 

26 February 1984 (fl), E. Martinez-S. 6155 (IBUG); 5-10 km above and SW of Filo del Caballo, along road to Puerto El 

Gallo, 2440 m, 19 October 1984 (fl), D.E. Breedlove 61900 (MEXU); 14 km al SO de Filo de Caballo, camino a Puerto del 

Gallo, 2610 m, 21 April 1985 (fl), J.C. Soto-N. 8356 and S. Aureoles-C. (CIIDIR, IBUG, IEB); Carrizal de Bravo, 4 km al 

S, 17°35'7"N, 99°50'50"W, 2800 m, 4 March 1986 (fl), J. Calonico-S. 8298 (MEXU); 21 km al NE de Filo de Caballo, 

carretera a Puerto del Gallo, 2200 m, 4 May 1986 (fl, fr), O.R. Dorado-R. et al. 1559 (HUMO); El Chayotal, parque estatal 

Omiltemi, 2400 m, 20 February 1994 (fl), N. Diego 6977 (UAGC); Balsamar, 6 km al NE de Filo de Caballo, 17°35'46"N, 

99°49'49"W, 2400 m, 9 November 1997 (fl),/. Calonico-S. 6765 (MEXU); El Jilguero, 2 km al N, 17°30’45"N, 100°0’0"W, 

2610 m, 16 January 1999 (fl), R. Cruz-D. 3547 (MEXU); ejido de Yextla, 4 km al SW de Filo de Caballo, aprox. 2 km al W 

de Carrizal de Bravo, 17°37'15.1"N, 99°51'51"W, 2673 m, 31 January 2010 (fl), J.G. Gonzalez-G. 589 (IBUG); 3.8-4 km 

al SW de Filos de Caballo y 2 km al W de Carrizal de Bravo, 17°37'12.94"N, 99°51'51"W, 2706 m, 11 February 2012 (fl, 

fr),/.G. Gonzalez-G. 1184 (IBUG); 1 km al S de Carrizal de Bravo, 17°35.845'N, 99°5096'W, 2597 m, 30 October 2012 (fl, 

fr),/.G. Gonzalez-G .et al. 1377 (IBUG); Malinaltepec, Ojo de Agua de Cuauhtemoc, 17°11'8.9"N 98°39'32.5"W, 2231 m, 

27 December 2012 (fl), B. Nepomuceno-C. 132 and E. Candido-B. (IBUG, UAGC). Oaxaca: 4 km al S de Lachao, km 183 

carretera Oaxaca-Puerto Escondido, 1850 m, 14 April 1965 (fl, fr),/. Rzedowski s.n. (ENCB); S-slopes of Sierra Madre del 

Sur, between Suchixepec and La Soledad, on Oaxaca-Puerto Angel road (Mexican highway 175), 2340 m, 8 November 

1966 (fl), W.R. Anderson and C.W. Laskowski 4165 (MICH); 15 km al W de San Jeronimo Coatlan, brecha a Juquila, 1940 

m, 14 December 1985 (fl), P. Tenorio-L. 10729 (MEXU); 13 km al SO de San Jeronimo Coatlan, brecha a San Gabriel 

Mixtepec, 16°12'N, 96°57'57"W, 1100 m, 20 February 1988 (fl), A. Campos-V. et al. 1288 (CHAPA, MEXU); 3 km al N de 

San Pedro el Alto, 1980 m, 15 January 1988 (fl), A.R. Lopez-F. et al. 593 (UAP); 0.5 km al S de S. M. Yucunicoco, distrito 

de Juxtlahuaca, 2600 m, 3 March 1988 (fl, fr), S. Salas-M. 126 (OAX); paraje El Campanario, comunidad de San Pedro El 

Alto, 2400 m, 29 November 1998 (fl), A.G. Miranda-M. 782 (MEXU, OAX); paraje el Manzanal, San Pedro el Alto, 2700 m, 

6 February 1995 (fl), F. Garcia-B. 33 (MEXU); 3 km de San Pedro Chayuco, carretera por el aserradero, 17.12°N, 98°W, 

1855 m, 19 February 1995 (fl),/.I Calzada 19782 (MEXU); 2 km al S de San Juan Mixtepec, 16°15.3'N, 96°18.3T8.3"W, 

2400 m, 14 November 1996 (sterile), E. Hunn 439 (OAX); reserva ecologica, 5 km al NW de San Miguel Suchixtepec, 

2600 m, 26 March 2011 (fl), B. Hernandez et al. 82 (MEXU); inmediaciones de el paraje El Campanario, 5.2 km al E en 

linea recta de Santiago Textitlan, 16°41'54.88"N, 97°12'12"W, 2650 m, 17 November 2012 (fl),/.G. Gonzalez-G. and J.H. 

Zarate-J. 1438 (IBUG); Cerca de el paraje El Manzanal, 11.3 km en linea recta al O de San Vicente Lachixio y 14.5 E km 

de Santiago Textitlan, 16°42'14.2"N, 97°7'7"W, 2343 m, 17 November 2012 (fl),/.G. Gonzalez-G. and J.H. Zarate-J. 1422 

(IBUG). 
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Salvia confertispicata was differentiated from S. langlassei and S. mocinoi by means of an identification key 
(Fragoso-Martinez and Martinez-Gordillo 2013). The distinctive characters indicated were ascendant floral 
bracts (reflexed or divaricate in S. langlassei and S. mocinoi) with caudate apex (acuminate in S. langlassei and 
S. mocinoi), and compact inflorescences with internodes less than 1 cm long (lax with internodes more than 
1 cm long in S. langlassei and S. mocinoi). However, Floral bract orientation relative to inflorescence axis relies 
on the number of flowers and their state of development; the more flowers and more developed, floral bracts 
will tend to be divaricate, otherwise, they will be ascendant. This can be appreciated in several specimens of 
S. confertispicata, where floral bracts changed from divaricate to ascendant from base to top of the inflorescence 
(/.G. Gonzalez-G.589 (IBUG), 1184 (IBUG),/.G. Gonzalez-G. 1422 andJ.H. Zarate-J. (IBUG) and 1438 (IBUG), 
E. Martinez-S. et al. 6155 (IBUG), J.C. Soto-Nunez 8356 and S. Aureoles-C. (IBUG), and P. Tenorio-L. et al. 
2658 (IBUG)); thereby, this feature is not adequate to delimit the species. Besides, in S. langlassei Fernald 
and S. mocinoi Benth. (species against which S. confertispicata was contrasted) floral bracts are not always 
acuminate but also caudate; so apex shape of floral bracts does not help either to differentiate clearly between 
these species. The features that allows the distinction between S. confertispicata and S. mocinoi are its violet 
corollas with whitish (poor developed) nectar guides on lower lip (S. mocinoi: sky blue with clear white nectar 

guides), longer corolla tubes (S. confertispicata: (7.5-9.6(-10) mm long, S. mocinoi: (4.4-)5-6.6(-7.5) mm 
long) and invaginated at base (S. mocinoi: straight at base), longer connective (S. confertispicata: 4.5-5.6 
(-7.6) mm long, S. mocinoi: 2.4-3.6(-4.5) mm long), longer style (S. confertispicata: 8.8-11.5(-13) mm long, 
S. mocinoi: 5.4-9.3 mm long) and slightly wider mericarps (S. confertispicata: 1.5-1.6 mm wide, S. mocinoi: 
1-1.2 mm wide). These species grows together only in Filo de Caballos, Guerrero; S. mocinoi has a much more 
extensive distribution (compare Figs 4C vs 13A). Salvia confertispicata can be distinguished from S. langlassei 
by its smooth blades above (S. langlassei: bullate), shorter floral axis (S. confertispicata: (2.5-)3.5-6(-7.8) cm 
long, S. langlassei: 11-30.2 cm long), more crowded verticillasters (S. confertispicata: up to 1.5 cm from each 
other, S. langlassei: 4-6 cm of separation), usually bigger floral bracts (S. confertispicata: (5.9-)ll-14.5(-16.8) 
mm long, (5.2-)10-15(-24) mm wide, S. langlassei: (5.5—)7.9—9 mm long, 4-4.6(-6.2) mm wide), shorter 
pedicel in flower (S. confertispicata: (1.2—) 1.5—2 mm long, S. langlassei: 2.4-3.4(-6.3) mm long), shorter calyx 
lips (S. confertispicata: (1.7-)2.4-2.8 mm long, S. langlassei: 3-3.7(-4.8) mm long), corolla violet with witish 
nectar guides on lower lip (S. langlassei: blue with clear white nectar guides on the lower lip), bigger corolla 

(S. confertispicata: 7.5-9.6(-10) mm long, 4.3-5.5 mm wide, S. langlassei: 5.8-6.5 mm long, (2.5-)3.3-4.3 
mm wide), and slightly bigger mericarps (S. confertispicata: 2-2.2 mm long, 1.5-1.6 mm wide, S. mocinoi: 
(1.1—) 1.6—1.8 mm long, 1-1.4 mm wide). Furthermore, S. confertispicata usually grows in higher elevations 
than S. langlassei (S. confertispicata: (1779-)2200-2800, S. langlassei: 1400-2100 m). Salvia confertispicata can 
be also morphogically similar to S. sanctae-luciae Seem., mainly in terms of inflorescence architecture, but it 
is distinguished from this by ovate to narrowly ovate blades (S. sanctae-luciae: elliptic to rhombic-elliptic) and 
rounded and shortly cuneate to truncate base (S. sanctae-luciae: cuneate to long attenuated), 7-veined upper 
calyx lip (S. sanctae-luciae: 5-veined), violet corolla with whitish nectar guides on lower lip (S. sanctae-luciae: 
white upper lip and corolla tube with blue lower lip without clear defined nectar guides), bigger corolla tube 
(S. confertispicta: 7.5-9.6(—10) mm long, 4.3-5.5 mm wide, S. sanctae-luciae: 5.5-6.5 mm long, 3.4-3.7 mm 
wide), and longer (S. confertispicta: 8.8—11.5(—13) mm long, S. sanctae-luciae: 8.3-9.1 mm long) and glabrous 
style (S. sanctae-luciae: hispidulous toward apex). Moreover, S. sanctae-luciae is known from Sierra Madre 
Occidental and northwestern Trans-Mexican Volcanic Belt in Nayarit and Sinaloa, whereas S. confertispicata is 
exclusive of Sierra Madre del Sur in Guerrero and Oaxaca (compare Figs 4C vs 13C). 

A very peculiar feature in S. confertispicata, that also helps to differentiate it from S. mocinoi and S. sanctae- 
luciae, but not from S. langlassei, is its trailing to subscandent habit, long branches (up to 4 m long) that can 
climber into medium size trees or hang down along ravines or dirt road walls. However, the inflorescences 
are not pendulous but erect by means of a distal twist of the branches, which secures the usual nototribic 
pollination way described by Wester and Clafien-Bockhoff (2007). Some populations of S. mocinoi can emulate 
a similar pattern but never with branches as long and delicate as those of S. confertispicata. 

4. Salvia glabra M.Martens & Galeotti, Bull. Acad. Roy. Sci. Bruxelles 11(2): 68 (1844). 

Type: MEXICO. Oaxaca: Cordillera, in Sierra de Llano Verde, April-November 1840 (fl), 5700 ft (1737 m), 
H.G. Galeotti 714 (holotype BR511071, isotypes BR511080, BR511104, BR511137, G). (Figs 2C, 3D). 

Subshrub, erect, around 40-80(-100) cm tall; stems glabrous to sparsely pilose and puberulent. Leaves with 
petioles (1.4-)2-8 cm long (the uppermost leaves with petioles 0.3-5 mm long), sparsely pilose, with axillary 
fascicles of several immature leaves; blades broad ovate, (4-)6-10.9 cm long, (2-)3-5(-7.4) cm wide, base 
rounded to subcordate, margin serrate, apex acute to acuminate, both surfaces glabrous or sometimes sparsely 
covered with appressed hairs in the veins, puberulent. Inflorescences in racemes, floral axis 3-18 cm long, pilose 
and with some glandular-capitate hairs, with 5-11 verticillasters, each one (6-)12-16-flowered, 0.8-1.9(-3.5) 
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cm gradually apart toward base, uppermost crowded. Floral bracts ovate, 7-16.2 mm long, (6.4-)7.4-12 mm 
wide, persistent, green to purplish, glabrescent to sparsely covered with appressed hairs, base truncate, margin 
entire to shortly and irregularly crenate and bordered by a line of long simple hairs, apex long caudate (cauda 
5-8.2 mm long, longer than or as long as half bract length). Pedicel (1.3—) 1.5—2(—2.8) mm long, pilose and 
occasionally with some glandular-capitate hairs intermixed. Calyx 7-8 mm long, 3-3.7 mm diam., green, 
dark magenta to dark purple, externally glabrous or scarcely pilose and with short glandular-capitate hairs, 
puberulent, internally covered with short conical hairs, scarcely accrescent, lips acute, (1—) 1.6—2.2 mm long, 
upper lip 5 or 7-veined. Corolla sky blue with white nectar guides on lower lip, glabrous except for upper 
lip which is scarcely pilose and ventrally bordered with glandular-capitate hairs; tube 6-6.9(-7.7) mm long, 
1.8-2.9(-3.4) mm wide, slightly ventricose and not invaginated at base, internally papillate; upper lip 
(2.6-)3-3.9 mm long, lower lip (4-)6-7(-8.8) mm long, 3.4-4.6(-8.4) mm wide. Stamens included; filament 
(0.8-) 1-1.7 mm long; connective (2.3-)3.2-5 mm long, ventrally ornate with an acute tooth at midportion; 

thecae (0.8-) 1.2-1.8 mm long; a pair of staminodes present above and behind filament insertion. Gynobasic 
horn 0.4-0.8 mm long; style (6-)8.7-9.8 mm long, glabrous, lower branch acute. Mericarp ovoid, 1.1-1.2 mm 

long, 0.6-0.9 mm wide, light brown and irregularly dark brown marbled, smooth and glabrous. 

Distribution, habitat and phenology: Salvia glabra is endemic to Mexico, growing in Sierra Madre Oriental 
(Queretaro and Hidalgo) and Sierra Madre del Sur (Oaxaca), Mexico (Fig. 4D). It inhabits oak and montane 
cloud forests, from (900-)1200-1800(-2120) m elevation. It shares habitat with the trees Juglans mollis, 
Liquidambar styraciflua, Platanus mexicana, Quercus polymorpha, Tilia mexicana Schltdl. and the herbs 
Arthrostemma ciliatum Pav. ex D. Don. and Hybanthus attenuatus. It flowers and fruits from September to 
March. 

Etymology: The specific epithet makes reference to the supposedly hairlessness throughout the plant, from the 
latin glaber (hairless); however, although the plant is not too pubescent, the stems, leaves, floral bracts, petioles 
and calyces are sparsely pilose or covered with appressed hairs. 

Specimens examined: Hidalgo: carretera Mexico-Zimapan, km 129,2100 m, 21 October 1966 (fl), L.M. Villarreal dePuga 

779 (IBUG); 1 km al E de San Onofre, 900 m, 12 November 1990 (fl), H. Rubio 2095 (IBUG, IEB). Queretaro: La Cuesta, 

3 km al S de Escanelilla, 2113 m, 14 December 1983 (fl), Fernandez 2113 and Acosta (CIIDIR, IEB); La Cuesta, 3 km al S 

de Escanelilla, 1100 m, 14 December 1983 (fl), Fernandez 2144 and Acosta (IEB); cerca de el Llano, 12 km al NE de Pinal 

de Amoles, sobre la carretera a lalpan, 1800 m, 13 October 1987 (fl), /. Rzedowski 45257 (IBUG, IEB); falpan de Serna, 

3 km al S del Carrizal por el camino a San Pedro el Viejo, 930 m, 8 December 1988 (fl), S. Zamudio-R. 6135 (IEB, IBUG); 

aprox. 2 km al O de San Pedro Escanela, 1840 m, 10 December 1988 (fl), E. Carranza-G. 1245 (IBUG, IEB); 7 km al W de 

San Pedro Escanela, sobre el camino a El Llano, 1850 m, 11 December 1988 (fl), /. Rzedowski 47993 (IBUG, IEB); 24 km 

al NE de Landa de Matamoros, sobre la carretera a Xilitla, 1450 m, 12 December 1988 (fl), /. Rzedowski 48069 (IEB); 2 km 

al NW del cerro de La Palma, 1500 m, 1 November 1989 (fl), H. Rubio 1283 (IBUG, IEB); aproximadamente 4 km al SW 

de Acatitlan de Zaragoza, 1400 m, 6 November 1989 (fl, fr), E. Gonzalez-P. 1218 (IBUG); 2-3 km al NNW de San Pedro El 

Viejo, 1680 m, 6 November 1989 (fl), E. Carranza-G. 2191 (IBUG); aprox. 3 km al SE de la Vuelta, 1370 m, 11 December 

1989 (fl), E. Gonzalez-P. 1333 (IBUG, IEB); cerca de Huazmazontla, 13 km al NE de Pinal de Amoles, sobre la carretera 

a falpan, 1300 m, 12 March 1989 (fl), /. Rzedowski 48407 (IEB); aprox. 2 km al S de El Carrizal de Los Sanchez, 1000 m, 

26 fanuary 1989 (fl), E. Lugo-L. 44 (IBUG, IEB); 1 km al SW de El Sabinito, 1450 m, 30 September 1989 (fl), 

H. Rubio 1156 (IBUG, IEB); aproximadamente 1 km al E de El Llano de Huazquilico, 1740 m, 12 November 1990 (fl), 

E. Carranza-G. 2902 (IBUG, IEB); Milpa Vieja, cerca del Aguacate, por la carretera San Joaquin, Casa de Maquinas, 1950 

Fig. 7. Salvia langlassei. A) leaves; B) verticillasters; and C) detail of the flower (taken by J.G. Gonzalez-G.). 
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m, 17 November 1993 (fl), H. Diaz 7447and E. Carranza-G. (IEB); 16 km de La Florida, por el camino a Conia, 1200 m, 21 

November 1995 (fl), E. Perez-C. 3283 and S. Zamudio-R. (IEB); Cerro Grande, 3 km al SE de Carrera de Tancama, 1180 m, 

9 December 1997 (fl),M ChavezL. 183 (IBUG, IEB);sobre el camino deSan Joaquin-Bucareli, 99.579159°W,99.579159°W, 

1773 m, 27 November 2002 (fl), P. Balderas 248 (IEB); en el camino de San Joaquin a Bucareli, 21.000112°N, 99.579159°W, 

1773 m, 27 November 2002 (fl), Y. Pantoja 390 (IEB). 

Salvia glabra resembles S. compsostachys, S. lophanthoides and S. verecunda. Nonetheless, S. glabra differs in 
several ways from S. compsostachys that are explained in the discussion of the latter. Salvia glabra is similar to 
S. lophanthoides, in fact, Epling (1939) was hesitant about if they were actually conespecific; however, they can 
be easily differentiated by the visible floral axis between the verticillasters and covered with glandular-capitate 
hairs of the first (S. lophanthoides: floral axis hidden between verticillasters by flowers and floral bracts and 
without glandular-capitate hairs), longer cauda of floral bracts (S. glabra: 5-8.2 mm long, S. lophanthoides: 
2.3-4.8 mm long), longer pedicels in flower (S. glabra: (1.3—) 1.5—2(—2.8) mm long, S. lophanthoides: 
0.2-0.5 mm long), longer calyces (S. glabra: 7-8 mm, S. lophanthoides: 5-5.9 mm long), longer calyx lips 

(S. glabra: (1—) 1.6—2.2 mm long, S. lophanthoides: 1-1.2 mm long] and 5-7-veined upper lip (S. lophanthoides: 
always 5-veined), longer corolla tubes (S. glabra: 6-6.9(—7.7) mm, S. lophanthoides: 5-5.6 mm long), and usually 
longer style (S. glabra: (6-)8.7-9.8 mm long, S. lophanthoides: 6.7-7.4 mm long]. Regarding S. verecunda, it 

differs by its long caudate apex (S. verecunda: acuminate) and truncate base (S. verecunda: cordate) of floral 
bracts, longer calyces in flower (S. glabra: 7-8 mm long, S. verecunda: 4.5-5.5(-6) mm long] and with 5 or 
7-veined upper lip (S. verecunda: 7-veined), longer corolla tube (S. glabra: 6-6.9(—7.7) mm long, S. verecunda: 
4-4.3 mm long], longer upper corolla lip (S. glabra: (2.6-)3-3.9 mm long, S. verecunda: (1.5-)2.5-2.8 mm 
long], and longer style (S. glabra: (6-)8.7-9.8 mm long, S. verecunda: 5.5-5.8 mm long], Additionaly, they 
are isolated from each other; S. glabra grows in Sierra Madre del Sur and Sierra Madre Oriental, whereas 
S. verecunda is restricted to Sierra Madre Occidental (compare Figs 4D vs 13D). 

Fig. 8. Distribution maps of A) Salvia langlassei, B) S. lasiocephala, C) S. lophanthoides, and D) S. mexiae. 
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5. Salvia langlassei Fernald, Proc. Amer. Acad. Arts 45: 417 (1910). 

Type: MEXICO. Sierra Madre (etats de Michoacan et de Guerrero), 1700 m, 27 January 1899 (fl), E. Langlasse 
805 (holotype GH, isotypes K, US). (Figs 2E, 3E, 7). 

Shrub, subscandent, 1-4 m long; stems sparsely pilose with the hairs concentrated on ribs to glabrous 
and puberulent. Leaves with petioles 4.5-18 mm long, pilose and frequently covered with glandular- 
capitate hairs, with axillary fascicles of several immature leaves; blades lanceolate to narrowly ovate, 
(1.9-)4.5-10.1 cm long, (1.4-)2-4.2 cm wide, base rounded to shortly cuneate or subequal, margin serrate, 
apex acuminate to acute, bullate above, both surfaces sparsely covered with appressed hairs, mainly on main 
vein, to glabrous. Inflorescence in racemes, floral axis 11-30.2 cm long, pilose and with glandular-capitate 
hairs, with 4-11 verticillasters, each one 10-16-flowered, up to 4-6 cm apart toward the base. Floral bracts 
ovate to ovate lanceolate, (5.5-)7.9-9 mm long, 4-4.6(-6.2) mm wide, persistent, green and sometimes 
magenta tinged, glabrescent to sparsely covered with appressed hairs, base truncate, margin entire and ciliated, 
apex acuminate to short caudate,. Pedicel 2.4-3.4(-6.3) mm long, pilose and covered with glandular-capitate 
hairs. Calyx 7.6-9.1 mm long, 4.6-5.7 mm diam., green and usually magenta tinged on upper lip, externally 
covered with glandular-capitate hairs, internally verrucose to smooth, lips acuminate, 3-3.7(-4.8) mm long, 
the upper lip 7-veined, the two lower lobes sometimes connate 3A of their length. Corolla blue with white 
nectar guides on lower lip, glabrous except for upper lip which is pilose and ventrally bordered with short 
glandular-capitate hairs; tube 5.8-6.5 mm long, (2.5-)3.3-4.3 mm wide, slightly ventricose and invaginated 
at base, internally ornate with two papillae; upper lip (3.1-)3.7-4.5 mm long, lower lip (6.2-)7-9.2 mm long, 
(6.4-)6.8-10.6 mm wide. Stamens included; filament 1.9-2.4 mm long; connective 4.4-5.1 mm long, ventrally 
ornate with and acute tooth at midportion; thecae 1.6-1.8 mm long; a pair of staminodes present above and 
behind filament insertion. Gynobasic horn 0.8-1 mm long; style 7.9-9.1 mm long, glabrous, lower branch 
acute. Mericarp ovoid, (1.1—) 1.6—1.8 mm long, 1-1.4 mm wide, brown and irregularly dark brown marbled, 
smooth and glabrous. 

Distribution, habitat and phenology: Salvia langlassei is endemic from Sierra Madre del Sur in the 
Mexican state of Guerrero (Fig. 8A). It inhabits ecotones between oak and montane cloud with tropical 
sub-evergreen forests. It dwells from 1400-2100 m in elevation. It shares habitat with Alchornea latifolia Sw., 
Alsophila firma (Baker) D.S.Conant., Conostegia volcanalis Standi. & Steyerm., Cyathae bicrenata Liebm., 
Dendropanax arboreus, Quercus salicifolia Nee, Siparuna thecaphora A.DC., Ulmus mexicana Planch. It flowers 
and fruits from December to the beginnings of May. 

Etymology: The name of this species honors the botanical explorer and earliest collector of the taxon, 
Eugene Langlasse (1864-1900), who explored several inaccesible locations in southeastern Michoacan and 
southwestern Guerrero, Mexico, from 1898-1899 (McVaugh 1951; Rzedowski et al. 2009). 

Specimens examined: MEXICO. Guerrero: Coahuayutla de Jose Maria Izazaga, San Antonio Buenos Aires, district Montes 

de Oca, 22 December 1937 (fl), G.B. Hinton etal. 11703 (UC); San Miguel Totolapan, second ridge W of Petlacala, 1915 m, 

1 January 1938 (fl, fr), Y.E.J. Mexia 9058 (ARIZ UC); Tecpan de Galeana, Puerto Rico, distr. Mina, 1750 m, 15 April 1939 

(fl, fr), G.B. Hinton 14162 (ENCB, Herbario Hinton); Tecpan de Galeana, Puerto Rico, 1700 m, 15 April 1939 (fl, fr), G.B. 

Hinton et al. 14168 (UC); Laguna-Soyate, 2100 m, 23 March 1939 (fl), G.B. Hinton et al. 14106 (UC); Atoyac de Alvarez, 

Nueva Delhi, 23 km al NE de Paraiso, carretera Atoyac-Filo de Caballo, 1510 m, 1 February 1983 (fl, fr), P. Tenorio-L. et 

al. 3227 (MEXU); Atoyac de Alvarez, 11 km al SW de Puerto del Gallo, carretera Atoyac-Chichihualco, 2000 m, 29 March 

1983 (fl), J.C. Soto-N. 5133 and E. M. Martinez-S. (MEXU); Atoyac de Alvarez, 15 km al SW de Puerto de Gallo camino a 

Atoyac, 1900 m, 27 February 1984 (fl, fr), E.M. Martinez-S. et al. 6203 (MEXU); Atoyac de Alvarez, Nueva Delhi, 62 km de 

Atoyac a Puerto de Gallo, 1415 m, 28 April 2013 (fl, fr),/.G. Gonzalez-G. et al. 1517 (IBUG). 

Salvia langlassei is very similar to S. confertispicata about the habit. Both are subscandent or hanging down 
shrubs with a terminal twist in the inflorescences. The differences between these species are stated in the 
description of S. confertispicata. 

6. Salvia lasiocephala Hook. & Arn., Bot. Beechey Voy. 306 (1841). 

Type: MEXICO. Nayarit: San Bias to Tepic, A. Sinclair s.n. (lectotype K247994, isolectotype K247995; designated 
in Epling 1939: 145). (Figs 2G, 3F, 9). 

Salvia elscholtzioides Benth., Bot. Voy. Sulphur 152, t. 50 (1846). 

Salvia fracta L.O.Williams, Fieldiana, Bot. 34(8): 110 (1972). 

Salviagalinsogifolia Fernald, Proc. Amer. Acad. Arts 35(25): 498 (1900). 

Salvia hyptoides M.Martens & Galeotti, Bull. Acad. Roy. Sci. Bruxelles 11(2): 74 (1844). 

Salvia hyptoides var. subspicata Fernald, Proc. Amer. Acad. Arts 35(25): 498 (1900). 
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Fig. 9. Salvia lasiocephala. A) leaves; B-C) variation in inflorescence appearance (taken by J.G. Gonzalez-G.) 
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Fig. 10. Salvia lophanthoides. A) inflorescence in fruit; B) inflorescence in flower; C) mature leaf; and D) 
immature leaves (taken by J.G. Gonzalez-G.). 
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Salvia multispicata Rusby, Descr. S. Amer. PI. Ill (1920). 

Annual herb, erect, 0.2-0.7(-l) m tall; stems pilose and usually hirsute. Leaves with petioles 0.5-4 cm long, 
pilose; blades ovate, (2-)3-7 cm long, (1.5-)2.4-5.2 cm wide, base cordate, rounded, truncate or sometimes 
oblique, margin widely serrate, apex acute, both surfaces sparsely pilose. Inflorescence in racemes, floral 
axis (10-) 15-45 cm long, densely to sparsely pilose, with (3-)5-25 verticillasters, each onel6-50-flowered, 
5-10 cm gradually apart toward base, uppermost usually crowded together. Floral bracts reniform, 
(3.8—)8—11.8 mm long, (3.5—)5.8—10(—18.3) mm wide, persistent, green and turning into straw color when 
dried, rarely magenta tinged, pilose on outer surface, base cordate, margin finely serrate near apex and ciliated, 
apex acute to acuminate. Pedicel 1.4-1.9 mm long, pilose. Calyces 3.5—4(—5.1) mm long, 1.5—1.9(—2.3) mm 
diam., green, densely pilose and sometimes covered with short glandular-capitate hairs, internally naked, lips 
acute and with ciliated margin, 0.6-1.3 mm long (up to 1.6 mm long in fruit), upper lip 5-veined. Corolla sky 
blue with white nectar guides, glabrous except for the upper lip which is sparsely pilose and ventrally bordered 
by short glandular-capitate hairs; tube (2.5-)3-3.5 mm long, 1-2.4 mm wide, not ventricose nor invaginated 
at base, internally naked (epapillate); upper lip 1—1.5(—3) mm long, lower lip (2.6-)3-4(-4.5) mm long, 
2.6—4(—5.8) mm wide. Stamens included; filament 0.7-0.9 mm long; connective 2-2.4 mm long, ventrally 
with an acute or rounded tooth at midportion; theca (0.7-) 1-1.4 mm long; a pair of staminodes present above 
and behind filament insertion. Gynobasic horn 0.7-0.9 mm long; style (3.6-)5-5.5 mm long, glabrous, lower 
branch truncate (up to 0.8 mm long). Mericarps lenticular, 0.5-0.7(-l) mm diam., uniformely bright black, 
smooth, glabrous. 

Distribution, habitat and phenology: Salvia lasiocephala is the widest distributed species within Salvia sect. 
Membranaceae (Fig. 8B). It grows from northern Mexico to northern South America (Colombia, Ecuador, 
Peru and Venezuela) throughout Central American countries (Fig. 8B). In Mexico it inhabits almost all the 
states except for those of California and Yucatan Peninsulas and most arid areas of Mexican Central Plateau. 
It dwells mainly in tropical deciduous and subdeciduous forests, or associated to disturbed vegetation; it can 
also be found less often in oak, pine-oak or montane cloud forests. It occupies an elevetional range from 
0-1800(-2840) m. It shares habitat with Acacia farnesiana (L.) Willd., A. hindsii Benth., Bauhinia ungulata 
L., Byrsonima crassifolia (L.) Kunth, Burs era palmeri S. Watson, B. penicillata (DC.) Engl., Curatella americana 
L., Lysiloma divaricatum (Jacq.) J.F.Macbr., Pinus oocarpa, P. strobus, Quercus glaucescens, Ulmus mexicana, 
Muhlenbergia dumosa Scribn. ex Vasey, Pinguicula crenatiloba A.DC., P. moranensis Kunth, Salvia alamosana 
Rose, S. cinnabarina, S. misella Kunth, S. mocinoi, S. pringlei B.L. Rob. & Greenm., S. protracta, and S. purpurea 
Cav. It flowers and fruits from September to April, and occasionally also in May, June and July. 

Etymology: The name of this species derives from greek words Xaiog (lasios, hairy), and KsepaXq (cephale, 
head); it talks about inflorescence appearance, each verticillaster resembling a head, and pubescence. 

Selected specimens examined: BELIZE: Gracie Rock, Sibun river, 12 April 1935 (fl), P.H. Gentle 1595 (WIS). COLOMBIA. 

Antioquia: Planta Providencia, 26 km S and 23 km W (air) of Zaragoza, in valley of rio Anori, between Dos Bocas and 

Anori, 400-700m, 16 November 1974 (fl), J. Denslow 2486 (WIS); Planta Providencia, 26 kmS and 23 km W (air) of 

Zaragoza, in valley of rio Anori, between Dos bocas and Anori, 400-700m, 13 February 1975 (fl), /. Denslow 2712 (WIS). 

Meta: Rfo Ariari, 450-500m, 30 May 1988 (fl), /.L. Fernandez-A. 7920 (WIS). Santa Marta: Santa Marta, 304 m, November 

1898-1901 (fl), H.H. Smith 562 (WIS). COSTA RICA. San Jose: Liceo farm, Santiago de Puriscal, 1000 m, 14 November 

1966 (fl), A.S. Weston et al. 3249 (UC); premontane wet forest life zone, soccer field and environs, Motel del Prado, San 

Isidro de El General, 752 m, 28 nov 1966 (fl), A.S. Weston et al. 3596A (UC); about 4 km W of Santa Ana, highway 

7 (Santa Ana Puriscal), 800 m, 22 December 1966, (fl), A.S. Weston et al. 3732 (UC); about 4 km, W of Santa Ana, highway 

7 (Santa Ana Puriscal), 800 m, 1 January 1967 (fl), A.S. Weston et al. 3816 (UC). EL SALVADOR. Ahuacapan: P. N. El 

Imposible, Hda. San Benito, al O de la cabecera de el Semilleron, 13°49'N, 89°56'W, 14 February 1992 (fl, fr), L. Sandoval 

825 andM. Sandoval (MEXU); San Francisco Menendez, El Cerezo, Mariposario, zonabaja Los Sanchez, 13°49'N, 89°59'W, 

125 m, 27 June 2000 (fl, fr), J.M. Rosales 626 (MEXU, MO); alrededores de la Finca La Montana, casi en la cima del cerro 

El Yupe, aprox. 6 km al NO de Candelaria de la Frontera, 1300 m, 28 October 1993 (fr), LJ. Linares 1024 and C.A. Martinez 

(MEXU); entre cerro Pena del Cuervo y el cerro El Yupe, +1-6 km al NO de Candelaria de la Frontera, 14°8'30"N, 

89°40'9"W, 1300 m, 4 December 1994 (fr),L./. Linares2159 and C.A. Martinez (MEXU). Morazan: monte de Caracansunga, 

immediately NW of Divisadero, 270 m, 4 December 1941 (fl), J.M. Tucker 465 (UC). GUATEMALA. Alta Verapaz: prope 

Coban, 1340 m,January 1880 (fl), Gurckheim 299 (ENCB). Chimaltenango: crops of Chimaltenango Experimental Station, 

2000 m, 5 November 1971 (fl), A. Molina-R. and A.R. Molina 26921 (MICH); Guatemala: near Amatitlan, 1170 m, 28 

December 1938 (fl, fr), PC. Standley 61445 (UC). Huehuetenango: near El Reposo, about 8 km from Mexican frontier, 

900-1000 m, 14 December 1972 (fl), L.O. Williams et al. 41350 (MICH). Jutiapa: between Jutiapa and La Calera, SE of 

Jutiapa, 850 m, 2 November 1940 (fl),P.C. Standley 76105 (UC). Sacatepequez: above Pastores, 1680 m, 23 December 1938, 

(fl), PC. Standley 57826 (UC); San Miguel Duenas, 1450 m, 19 September 1992 (fl, fr), M. Veliz 922497 (MEXU). MEXICO. 

Chiapas: on slopes along the Tana Te’ river, near Sahal K’esh, paraje of Mahben Chauk, 884 m, 27 November 1964 (fl), 

D.E. Breedlove 7691 (ENCB); en el camino de Talquian a Chiquihuite, 1700 m, 3 February 1987 (fl, fr), E. Martinez- 

S. 19323 (HEM, IEB, MEXU); 600-700 m al SO de Pueblo Nuevo, 17°9T2.69'N, 92°53'20.8"W, 1690 m, 15 November 2009 
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(fl),/.G. Gonzdlez-G. etal. 453 (IBUG). Chihuahua: La Mesa Colorado, 17 October 1933 (fl),H.S. Genry 569 (ARIZ); along 

arroyo Wimivo (arroyo Samachique), between Wimivo and Rio Batopilas on N side of Barranca de Batopilas, 

890 m, 28 February 1973 (fl), R.A. Bye 3435 (MEXU). Colima: rancho El Jabali, 22 km al NNO de Colima, por terraceria 

cerca del lago Jabali, 19°27'N, 103°42'W, 1250 m, 4 November 1982 (fl), L. Vdzquez-V. 264 and B. L. Phillip (MEXU, 

HUMO); San Antonio, 15 km al N de Comala, 22 November 1987 (fl, fr), F.J. Santana-M. 2655 (IBUG, IEB, ENCB,MEXU, 

XAL); El Zapote, poblado entre Comala y San Antonio, 1400 m, (fl, fr), L.M. Villarreal de Puga 221 (ENCB, CHAPA). 

Durango: Tamazula, al E, alrededores de rancho El Carrizal, por el camino a Agua Caliente, 24°58'16"N, 106°56'17"W, 

190 m, 9 March 2002 (fl, fr), J.I. Calzada et al. 23126 (CIIDIR); 20 km al S de Canelas, 10 January 1986 (fl), M. Vizcarra 

205 (CHAPA, CIIDIR,IEB, ENCB, HUAA). Estado de Mexico: Temascaltepec, Tejupilco, 1340 m, 20 November 1932 (fl), 

G.B. Hinton 2654 (UC); Carboneras, 2030 m, 24 October 1932 (fr), G.B. Hinton 2123 (ENCB, MEXU); La Junta, Santo 

Tomas, 750 m, 12 October 1953 (fl), E. Matuda et al. 29414 (UC). Guerrero: Tecpan de Galeana, Moreno, 175 m, 11 April 

1929, (fl), G.B. Hinton etal. 14132 (UC); 1.5 miles W of logging road offf Mexico highway 95 (Acapulco to Iguala), 0.2 mile 

S of km 34 marker, 18.7 miles S of Chilpancingo, 1250, 24 October 1975 (fl), K.M. Peterson et al. 315 (WIS); 1 km al W de 

Filo de Caballos, rumbo a Carrizal de Bravo, 17°36.623'N, 99°50.384'W, 2338 m, 30 October 2012 (fl),/.G. Gonzdlez-G. et 

al. 1363 (IBUG). Jalisco: bluffs of the Rio Grande de Santiago near Guadalajara, 19 October 1889 (fl), C.G. Pringle 2297 

(MEXU); S-facing mountainsides 4 miles NNE of Talpa de Allende, 1450-1500 m, 12 October 1960 (fl), jR. McVaugh 

20092 (MICH); aproximadamente 2 km al E de Epenche, carretera Valle de Juarez-Epenche, 2040 m, 12 October 1989 (fr), 

I. Garda-R. 2098 (GUADA); 7-8 km al SE de San Pedro rumbo a Barandillas, por la brecha hacia San Andres y el cerro de 

El Cabro, 20°31'54.8"N, 105°4'32.6"W, 1105 m, 27 October 2011 (fl, fr), J.G. Gonzdlez-G. 1151 y D. Juarez (IBUG). 

Michoacan: 7 km al E de Villa Jimenez, sobre el camino a Copandaro, 5 October 1986 (fl), /. Rzedowski 40723 (CIIDIR, 

IBUG, IEB, ENCB, MEXU); lado NE de los Chorros del Varal, 1000 m, 30 September 2004 (fl), I. Garda-R. 6788 and A. 

Linares (CIMI, IEB); carretera de Tancitaro a Apo, a aprox. 200 m del poblado de Tancitaro, 19°22'10"N, 102o23'll"W, 

1986 m, 25 January 2009 (fl),/.G. Gonzdlez-G. 273 (IBUG). Nayarit: Tepic, 5 February 1892 (fl, fr), E. Palmer 1897 (UC); 

Rio de los Talladeros, 14 November 1985 (fl), I. Solis 602 (IEB); slopes and ravines along raod to microondas Santa 

Barbara, 3-3.8 miles E of highway 15, ND m, 1 March 1987 (fl), T.F. Daniel and B. Bartholomew 4729 (MICH); a la orilla 

de la carretera en el poblado de San Gabriel, sobre la carretera Tepic-Jalcocotan, 21°31'3.3"N, 104°56'24.3"W, 979 m, 

2 January 2010 (fl), J.G. Gonzdlez-G. 485 (IBUG). Oaxaca: Mineral Zavaleta, Zimatlan, 1900 m, 1931 (fl), C. Conzatti 4702 

(MEXU 15 km al S de Sola de Vega, dto. Sola de Vega, 1960 m, 22 October 1985 (fl), R. Lopez-G. 806 (OAX, MEXU); 2 km 

al SE de San Juan Juquila Mixes, sobre la brecha que va hacia San Pedro Ocotepec, 16°55'47"N, 95°54'21.3"W, 1505 m, 24 

January 2010 (fl),/.G. Gonzdlez-G. 553 (IBUG). Puebla: On moist trailside bank, Huauchinango, 1494 m, 6 October 1944 

(fl), A.J. Sharp 44119 (MEXU). Sinaloa: La Gloria, 244 m, 9 October 1925 (fl), Y.E.J. Mexia 211 (UC); 16 mi NW of 

Culiacan, 92 m, 18 December 1974 (fl), G.L. Webster 19808 (MEXU); al borde de la carretera, Capilla de Taxtan, 2 km al O 

de Santa Lucia, 23°25'30.3"N, 105°51'45.5"W, 1258 m, 5 January 2010 (fl, fr), J.G. Gonzdlez-G. 510 (IBUG). Sonora: 

between Quiriego and Cajeme, 6 March 1933 (fl), F. Shreve 6186 (ARIZ); 2.7 km WNW of Tepoca on Mex. 16,28°27’36 N, 

109°15'48"W, 750 m, 17 March 1998 (fl), A.L. Reina-G. et al. 98-250 (USON). Veracruz: Valle de Cordoba, 12 December 

1865 (fl), M. Bourgeau 1587 (ENCB); Estacion Biologica, Los Tuxtlas, 110 m, 2 July 1970 (fl, fr), G. Martinez-C. 2200 (XAL, 

MEXU); Briones, 1500 m, 29 March 1996 (fl, fr), R. Diaz 5 (XALU); 5.5 km al N de Huatusco por la carretera rumbo a 

Totutla, 19°10'7"N,96°57'43"W, 1317m,22December2008 (fl),/.G. Gonzdlez-G.270andS.Rua-H.(IBUG).NICARAGUA. 

Atlantico Norte: rain forest near Siuna, Mt. Liveco, Madregava, 7 January 1970 (fr), F.C. Seymour 3276 (MEXU). Nueva 

Segovia: bed of dried-up river in ravine, Ocotal, bed of dried-up river in ravine, Ocotal,20 December 1968 (fl), R.B. 

Hamblett 799 (WIS); 20 December 1968 (fl), R.B. Hamblett 799 (WIS); 3 km W of Ocotal, 20 December 1968 (fr), F.C. 

Seymour 862 (MEXU; UC). PANAMA. Bocas del Toro: Chanquinola, E, 3 August 1923 (fl), H.W. Stork 56 (UC). Chepo: 

sabanas near Chepo, 30 m, 20 January 1935 (fl), A.A. Hunter 23 and P.H. Allen (UC). Chiman: Chiman,12 December 1967 

(fl), W.H. Lewis et al. 3325 (UC). Colon: vicinity of Madden Dam, 15 m, 3 December 1966 (fr), W.H. Lewis et al. 6 (ENCB). 

Los Santos: vicinity of headwaters of rio Pedregal, 25 Tonosi, 762-914 m, 7 December 1967, (fl), W.H. Lewis et al. 2933 

(UC). Panama: canal zone, vicinity of Madden Dam, 50 m, 3 December 1966, (fl), W.H. Lewis 6 (UC); along road near 

entrance to Boy Scout camp, 1.6 km from Madden Dam rd., 24 December 1974 (fl), S. Mori et al. 4059 (MICH). 

Salvia lasiocephala resembles S. bupleuroides the most. Together, these species are distinct within Salvia sect. 
Membranaceae because they are annual herbs, usually delicate, and have lenticular, bright black mericarps; 
whilst, the other species are perennial shrubs with ovoid, light brown and dark brown marbled mericarps. 
According to Epling (1939) they were grouped into subsect. Elscholtzioideae Epling, however, later in his 
unpublished revision of subgenus Calosphace, it seemed he stopped recognizing subsectional classification 
since he did not alluded it, this agrees with our current proposal. Although S. lasiocephala and S. bupleuroides 
are too similar, they differ consistently in inflorescence and stylar branch traits (see discussion at the end 
of S. bupleuroides description). Furthermore, the first is widely distributed, contrasting with the restricted 
distribution of S. bupleuroides (compare Figs 8B vs 4A). 

Salvia lasiocephala exhibits a wide range of morphological variation in features such overall and flower size, 
pubescence density, inflorescence length and flower number per verticillaster; this pattern might be related 

with the surface and diversity of the area it occupies. For instance, degree of separation between verticillasters 
along floral axis, and pubescence let to recognition of several taxa including what was named as S. hyptoides; 
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which consists of an extreme of variation where verticillasters are all crowded together, contrasting in that way 
with those plants with verticillasters up to 10 cm apart. Though, a thorough examination of specimens at the 
herbaria and plants in situ at field reveals a continuous of morphological variation that allows connecting both 
extremes, avoiding the recognition of more than one taxon within this morphological complex. 

7. Salvia lophanthoides Fernald, Proc. Amer. Acad. Arts 35(25): 499 (1900). Type: MEXICO. Oaxaca: San 
Francisco Tlapancingo Mts. near Tlapancingo, 6000-8000 ft, 1829-2438 m, 7December 1984 (fl), E.W. Nelson 
2086 (lectotype US, isolectotype GH; designated in Epling 1939: 151). (Figs 2C, 3G, 10). 

Herb erect, 1-2 m tall; stems glabrous to puberulent. Leaves with petioles 1.1—2.2(—2.5) cm long, puberulent to 
shortly and sparsely pilose; blades ovate to narrowly ovate, 4.1-8 cm Ion, ( 2.1-)5-6.2 cm wide, base rounded 
to slightly cordate, margin serrate, apex acuminate, both surfaces glabrous except for the veins beneath where 
they are covered with appressed hairs. Inflorescence in racemes, floral axis (9.6-) 14.8-32.5 cm long, puberulent 
and covered with appressed hairs, with 7-15 verticillasters, each one (12-)22-30-flowered, crowded together 
(floral axis hidden by floral bracts and flowers) or rarely up to 1.8 cm apart. Floral bract ovate to narrowly 
ovate, 5.7-12.3 mm long, 5.3-9.6 mm wide, persistent, green, both faces glabrous or the outer puberulent, 
base truncate, margin entire to slightly corrugated and ciliated, apex caudate (cauda 2.3-4.8 mm long). Pedicel 
0.2-0.5 mm long (up to 1 mm long in fruit), covered with glandular-capitate hairs. Calyx 5-5.9 mm long, 
1.9-3.9 mm diam., up to 7 mm long in fruit, green, covered with glandular-capitate hairs, internally with some 
tiny conical hairs to verrucose, lips acute, 1.1-1.2 mm long, upper lip 5-veined. Corolla sky blue with white 
nectar guides on lower lip, upper lip pilose and bordered with tiny glandular-capitate hairs; tube 5-5.6 mm 

Fig. 11. Salvia mexiae. A) leaves; B) inflorescence (taken by J.G. Gonzalez-G.). 
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Fig. 12. Salvia mocinoi. A-D variation in inflorescence appearance (taken by J.G. Gonzalez-G.). 
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long, 2.3-3.1 mm wide, slightly ventricose, not invaginated at base, internally ornate with a pair of papillae; 
upper lip (1.5-)2.6-3.7 mm long, lower lip (4.5-)5.3-6.6 mm long, 4.5-5.3 mm wide. Stamens included; 
filament 1.2-1.8 mm long; connective 3.2-3.9 mm long, ventrally ornate with an acute tooth at midportion; 

theca 1-1.9 mm long; a pair of staminodes present above and behind filament insertion tube. Gynobasic horn 
0.6-0.8 mm long; style 6.7-7.4 mm long, glabrous, lower branch acute. Mericarp ovoid, 1.2-1.3 mm long, 

0.8-0.9 mm wide, brown and irregularly dark brown marbled, smooth and glabrous. 

Distribution, habitat and phenology: Salvia lophanthoides is an endemic species restricted to Sierra Madre 
del Sur in the eastern confluence between the Mexican states of Guerrero and Oaxaca (Fig. 8C). It inhabits 
oak forests, from 1700-1900(-2450) m. It shares habitat with Dendropanax arboreus and Salvia mexicana. It 
flowers and fruits from November to April. 

Etymology: The name of this species derives from the greek words Xocpoc; (lophos, crested), avOog (anthos, 
flower), and the suffix - osideg (oides, similar to); it is about the similarity of the compact spikelike inflorescence 
with small and numerous flowers of this Salvia with those of the genus Lophanthus Adans. (Lamiaceae). 

Specimens examined: MEXICO. Guerrero: 20.1 km al E de Petlaltina 6 68.1 km al E de Chilapa, camino a Tlapa, 

1700 m, 14 November 1982 (fl), R. Torres-C. et al. 1920 (MEXU, MO, XAL); Atlixtlac, 300-400 m antes de Mesones a partir 

de Atlixtlac, 17°32'54.37"N 98°52'53.4"W, 1846 m, 27 April 2013 (fr, fl),/.G. Gonzdlez-G. et al. 1508 (IBUG). 

Salvia lophanthoides is similar to S. glabra. The differences between them are treated in the description of the 
previous one. 

Between the species of Salvia sect. Membranaceae, this is the least collected (Fig. 8C) and known. It is possible 
that more thorough botanical exploration in the border region between Guerrero and Oaxaca, Mexico, reveals 
new insights on the morphology and distribution of this species. 

8. Salvia mexiae Epling Repert. Spec. Nov. Regni Veg. Beih. 110: 153 (1938). 

Type: MEXICO. Jalisco: west of San Sebastian, Hacienda del Ototal, arroyo de los Hornos, Sierra Madre 
Occidental, 1500 m, 4 March 1927 (fl), Y.E.J. Mexia 1801 (holotype UC, isotypes A, BM, CAS, GH, MICH, 
MIN, MO, NY, UC, US). (Figs 2A, 3H, 11). 

Shrub, erect, (0.8-)1.2-2.5(-4) m tall; stems pilose and covered with appressed and retrorse hairs. Leaves 
with petioles generally absent or sometimes 2-3.3 mm long, pilose; blades narrow lanceolate, 6-15 cm long, 
1-2.3 cm wide, base attenuated, margin finely serrate, apex acuminate to acute, both surfaces covered with 
appressed hairs to pilose. Inflorescence in racemes, floral axis 5-12 cm long, pilose, with (3-)5-7 verticillasters, 
each one 10-16-flowered, crowded together orupto 1.6 cm apart but with calyces and floral bracts overlapping. 
Floral bracts ovate to narrowly ovate, 1.8-2.8 cm long, 1.4-2.2 cm wide, persistent, magenta and green tinged, 
sparsely pilose and covered with appressed hairs, base cordate, margin entire to serrate, apex acuminate. 
Pedicel (l-)2-4.5 mm long, pilose. Calyx (5-)6.4-8.7 mm long, 2.9-4.5(-5.1) mm diam., dark magenta and 
green tinged toward base, covered with glandular-capitate hairs, internally with some tiny conical hairs, lips 
acute, 2.5-4.3 mm long, upper lip 7-veined. Corolla with tube and upper lip white to sky blue, and lower 
lip dark blue and without white nectar guides, or if present, poor developed and restricted to corolla throat, 
upper lip pilose and bordered with tiny glandular-capitate hairs; tube (4.9-)6-7 mm long, 2.1-3.5(-5) mm 
wide, ventricose, invaginated at base and internally ornate with a pair of papillae; upper lip 2.7-4.4 mm long, 
lower lip 4.8—8(—10.5) mm long, 5-8 mm long wide. Stamens included; filament 1.8-2.9 mm long; connective 
3-4 mm long, ventrally ornate with a rounded to truncate tooth at midportion; theca 1.6-1.8 mm long; a 
pair of staminodes present above and behind filament insertion tube. Gynobasic horn 0.6-0.8 mm long; style 
4.7-10 mm long, glabrous, lower branch acute. Mericarp ovoid, 1-1.4 mm long, 0.7-0.9 mm wide, light brown 
and irregularly dark brown marbled, smooth and glabrous. 

Distribution, habitat and phenology: Salvia mexia is an endemic species restricted to westernmost Trans- 
Mexican Volcanic Belt and Sierra Madre del Sur in Jalisco, Mexico (Fig. 8D). It grows in pine-oak, oak and 
montane cloud forests, from 800-1720 m elevation. It shares habitat with Abies flinckii Rushforth, Bejaria 
mexicana Benth., Carpinus caroliniana Walter, Clethra rosei Britton, Clusia salvinii Donn.Sm., Juniperus 
jaliscana Martinez, Microspermum gonzalezii Rze., Myrica cerifera L., Oreopanax xalapensis (Kunth) Decne. 
& Planch., Pavonia pleuranthera (DC.) Fryxell, Pinus devoniana Lindl., P. oocarpa, Quercus cualensis 
L.M.Gonzalez, Q. eduardi Trek, Q. magnoliifolia, Salvia cualensis J.G.Gonzalez, S. helianthemifolia Kunth, 
S. manantlanensis Ramamoorthy, Sapium macrocarpum Miill.Arg. and Styrax argenteus C.Presl. It flowers and 
fruits from December to middle May. 
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Etymology: The name of this Salvia honors Ynes E. J. Mexia (1870-1938), its earliest and prollific botanical 
collector (Rzedowski et al. 2009). 

Specimens examined: MEXICO. lalisco: steep mountains 10-12 miles S of Talpa de Allende, in the headwaters of an 

E branch of Rio de Talpa, 3 miles above Los Sauces, 1400 m, 26 November 1960 (fl), R. McVangh 21468 (MICH); steep 

mountains 20-22 km, south of Talpa de Allende, in the headwaters of a W branch of Rio Talpa, barranca above a rapid 

clear stream, 1200 m, 30 March 1965 (fl), R. McVaugh 23318 (ENCB); entre la Cumbre de Tejamanil y Cuale,1610 m, 

3 March 1971 (fl, fr), R. Gonzalez-T. 81 (ENCB, IBUG); steep mountainsides 3-10 km generally E on the road to Mina del 

Cuale, from the junction 5 km NW of El Tuito, 850-1150 m, 16 February 1975 (fl), R. McVaugh 26360 (MICH); Sierra del 

Cuale, entre Talpa y Cuale, 11 May 1976 (fr), L.M. Villarreal de Puga 8851 (GUADA); Sierra de Cuale, entre Cuale y Talpa, 

11 May 1976 (fl, fr), LM. Villarreal de Puga 8403 (CHAPA, ENCB, IBUG); entre el Tuito y Pto. Vallarta, a 20 km al S de Pto. 

Vallarta, carr. a Barra de Navidad-Pto. Vallarta, 800 m, 27 fanuary 1977 (fl), A. Delgado-S. et al. 487 (ENCB); km 17 brecha 

Zimapan-El Cuale, 1585 m, 12 December 1981 (fl), LM. Gonzalez-V. 1091 (IBUG); km 24 carretera No. 200 al S de Puerto 

Vallarta,800 m, 4 February 1989 (fl), LM. Gonzalez-V. et al. 3514 (IBUG); km 19 camino a Cuale,1100 m, 20 February 

1990 (fl), R. Ramirez-D. et al. 1966 (IBUG); camino de La Estancia de Landeros a La Bulera, 28 March 1996 (fl, fr), J.J. 

Reynoso-D. et al. 3094 (IBUG); La Bulera, 9.2 km al OSO de La Estancia, 20°44’30 N, 104°59’43 W, 910 m, 2 April 2002 

(fl), P. Carrillo-R. et al. 3137 (IBUG, IEB, GUADA); arroyo Paso Hondo, 16 km al SE de Talpa de Allende por el camino 

a La Cuesta (Sierra de Cacoma), 20°14'N, 104°47'W, 1450 m, 9 February 2002 (fl), P. Carrillo-R. 2796 and J.A. LomeU-S. 

(GUADA); Villas de Cacoma, 19°49'45"N, 104°33'30"W, 1230 m, 27 fanuary 2010 (fl), J.G. Morales et al 196 (ZEA); La 

Pena del Cuervo-La Cumbre, 1263 m, 29 fanuary 2010 (fl), J.A. Vazquez-G. 8954 and M. Muhiz-C. (IBUG); 3-3.1 km al 

S del poblado de El Cuale por la brecha rumbo a Talpa de Allende, 20°22'44.3"N, 105°3'17.07"W, 1720 m, 30 December 

2010 (fl), J.G. Gonzdlez-G. et al. 802 (IBUG); 1.6-1.7 km por la brecha de El Cuale a La Mina de Zimapan, 20°23'14"N, 

105°4'44.2"W, 1580 m, 13 February 2011 (fl), /.G. Gonzdlez-G. et al. 882 (IBUG). 

Salvia mexiae is immediately recognizable from the other species of the section by its sessile to subsessile and 
narrow-lanceolate leaves, and usually crowded inflorescences with floral bracts and calyces hiding floral axis. 
Epling (1939) and the specimen McVaugh 23318 (ENCB) recorded a height of 3 m and 4 m, respectively, for 
Salvia mexiae; though, plants higher than 2.5 m tall were not observed at the field. 

9. Salvia mocinoi Benth., Labiat. Gen. Spec. 271 (1833). 

Type: MEXICO. Hab. in Novo Hispania, M. Sesse y Lacasta 226 and J.M. Mociho (lectotype OXF, isolectotypes 
F, G, MA; designated in Epling 1939: 151). (Figs 2H, 31,12) 

Salvia lophantha Benth. in DC, Prodr. 12: 301 (1848). 

Salvia rubiginosa Benth. in DC., Prodr. 12: 301 (1848: 301). 

Salvia rubiginosa var. hebephylla Fernald, Proc. Amer. Acad. Arts 35(25): 496 (1900). 

Salvia saltuensis Fernald, Proc. Amer. Acad. Arts 35(25): 497 (1900). 

Salvia zacuapanensis Brandegee, Zoe 5: 255 (1908). 

Subshrub to shrub, erect, rarely subscandent, (0.5-)l-2(-3) m tall; stems pilose and covered with appressed 
hairs concentrated on ribs but also between them, hairs whitish or ferrugineous. Leaves with petioles 
(0.2-)l-2.5(-6.3) cm long, softly to coarsely pilose; blades ovate, narrowly ovate, ovate-elliptic to rhombic- 
ovate, (l-)4-9.5 cm long, (0.5-)2-5.5(-8.8) cm wide, base rounded, cuneate to long attenuated, sometimes 
subcordate or oblique, margin serrate, apex acuminate to acute, both surfaces sparsely to moderately pilose 
and sometimes with some glandular-capitate hairs, the upper one sometimes bullate. Inflorescence in racemes, 
floral axis (3-)5-16 (-29) cm long, pilose and usually with glandular-capitate hairs, with 4-15 verticillasters, 
each one 6-10(-18)-flowered, 0.5-4.8 cm gradually apart toward base. Floral bracts ovate to reniform, 
(5.3-) 12-20 mm long, (3-) 14-17 mm wide, persistent, rose, magenta, dark magenta, reddish or purple, often 
green toward base, and less frequently green throughout, glabrous or with outer surface pilose and ocassionally 
with glandular-capitate hairs, base cordate at the base or slightly attenuated and then truncate, margin entire 
to serrate and ciliated, apex acuminate to caudate (cauda length less than, or a third of floral bract length). 
Pedicel 1-3.4 mm long (up to 4 mm long in fruit), pilose and sometimes with glandular-capitate hairs. Calyx 
5-7.5 mm long, (1.8-)2-3.2(-4) mm wide, green, magenta to dark-magenta or purplish, pilose to hispidulous 
and often with glandular-capitate-hairs, internally glabrous to covered wtih tiny conical hairs, lips acute and 
ciliated at margin, (l-)1.5-2.2(-2.7) mm long, up to 3 mm in fruit, upper lip 5- or rarely 7-veined. Corolla 
sky blue and with white nectar guides on lower lip, glabrous except for the upper lip which is pilose and 

ventrally bordered with short glandular-capitate hairs; tube (4.4-)5-6.6(-7.5) mm long, (1.7-)2-3(-5.4) 
mm wide, slightly to clearly ventricose, not invaginated at base and internally ornate with a pair of papillae; 
upper lip (1.5-)2.5-4 mm long, lower lip (4-) 5-9.3 mm long, (3.6-)8-9 mm wide. Stamens included; filament 
(0.9-) 1.3-2.6 mm long; connective 2.4-3.6(-4.5)mm long, ornate at ventral midportion with an acute or 



Salvia subg. Calosphace sect. Membranaceae (Lamiaceae) Telopea 16: 43-81,2014 71 

truncate tooth; theca (0.7—) 1—1.5(—2.6) mm long; a pair of staminodes present above and behind filament 
insertion to the corolla, rarely absent. Gynobasic horn (0.4-)0.8-0.9 mm long; style 5.4-9.3 mm long, lower 
branch acute, glabrous. Mericarp ovoid, 1.2-2 mm long, 1-1.2 mm wide, light brown and irregularly dark 

brown marbled, smooth and glabrous. 

Distribution, habitat and phenology: Salvia mocinoi is the second most widely distributed species in the 
section. It can be found from central Mexico to central Nicaragua (Fig. 13A). It grows in oak, pine-oak, pine, 
montane cloud forests, and in a lesser degree in tropical deciduous, subdeciduous and evergreen forests, 
mainly from 1700-2850 m elevation, though in southern Mexico and Central America can flourish in lower 

elevations (30-1950 m elevation). Salvia mocinoi shares habitat with the trees Abies guatemalensis, Carpinus 
caroliniana, Chiranthodendron pentadactylon, Clehtra galeottiana, Cleyera integrifolia, Cornus disciflora 
DC., Magnolia pacifica A.Vazquez, Pinas ayacahuite, P. oocarpa, Quercus aristata Hook. 8c Arn., Q. castanea, 
Q. magnoliifolia, Q. peduncularis Nee, Symplocos citrea Lex. ex La Llave 8c Lex., Zinowiewia concinna Lundell 
and the shrubs and herbs Pinguicula moranensis, Salvia cinnabarina, S. lasiocephala, S. lavandidoides Kunth, 
S. longispicata M. Martens 8c Galeotti, S. longystila Benth., S. mexicana, S. misella, S. polystachya, S. protracta, 
S. roscida, S. rostellata Epling, S. tiliifolia Vahl, S. tubifera, and S. vitifolia, among others. It flowers and fruits 
during whole the year, but mainly from September to April. 

Etymology: The name of Salvia mocinoi was devoted to Jose M. Mocino (1757-1820), one of the first and most 
important Mexican botanists (Rzedowski et al. 2009). 

Fig. 13. Distribution maps of A) Salvia mocinoi, B) S. nitida, C) S. sanctae-luciae, and D) S. verecunda. 
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Selected specimens examined: EL SALVADOR. Chalatenango: E slope of Los Esesmiles, 2160 m, 12 March 1942 (fl), 

J.M. Tucker 1014 (MO, UC). Morazan: S side of montes de Cacaguatique, directly S of finca of general J.T. Calderon, 

1030 m, 8 January 1942 (fl), J.M. Tucker 756 (UC). Santa Ana: El Mosco, entre el cerro Yupe y el cerro Pena del Cuervo, 

ca. 3 km al SSO de Tierra Blanca y 3 km al NNO de Candelaria de la Frontera, 14°8'N, 89°41'W, 1120 m, 30 January 2000 

(fl), J.L. Linares 4884 (MEXU). GUATEMALA. Amatitlan: along slopes of Lago de Amatitlan, below Moran, 1300 m, 

18 October 1942 (fl), J.A. Steyermark 52154 (UC). Guatemala: 4 miles ME of Guatemala city, road to Chinautla, 1341 m, 

30 November 1943 (fl), S.S. White 5140 (MICH Baja Verapaz: Union, 13 March 1972 (fl), E. Contreras 11258 (MEXU). 

Chiquimula: upper slopes of Volcan de Ipala, 1200 m, January 1907 (fr), H. Pitcher 1882 (NY). Jalapa: near Jalapa, 1360 m, 

7 January 1908 (fl), W.A. Kellerman 7959, 7974 (NY). El Quiche: Nebaj, 1828 m, 19 November 1934 (fl), A.F. Skutch 1728 

(UC). HONDURAS. Comayagua: vicinity caserio El Limon and Calan river, 1300 m, 2 January 1990 (fl, fr), A. Molina-R. 

34240 and A.R. Molina (MEXU). Francisco Morazan: along the roadside 3-8 km W of Escuela Agricola Panamericana, 

853-914 m, 12 January 1944 (fl), /. Vera-S. 2718 (MICH); Ocotepeque: aldea El Portin, Agua Caliente (Guatemalan 

border)-Santa Rosa de Copan, 18.1 mi E of Santa Fe, 26.8 mi SW of bridge over Rio Higuito (or Rio Grande), near 

village of Cucuyagua Copan, 14°28'N, 89°15'W, 1800 m, 28 January 1987 (fl), T.B. Croat 63802 andD. P. Hannon (MEXU). 

MEXICO. Chiapas: Talquian, 8 km al NE, 1600 m, 25 November 1986 (fl), E. Ventura 4175 and E. Lopez (IEB, OAX, XAL); 

en el camino de Talquian a Chiquihuite, 1700 m, 3 February 1987 (fl, fr), E. Martinez-S. et al. 19341 (HEM, XAL); entrada 

a Pueblo Nuevo, extremo E de la poblacion sobre la carretera Jitotol-Pueblo Nuevo, 17°9'23.42"N, 92°53'25.27"W, 1700 

m, 15 November 2009 (fl),/.G. Gonzdlez-G. et al. 449 (IBUG); 13 km al NE de San Pedro Chenalho, 1457 m, 31 December 

2009 (fl), V Ramirez-C 1234 (IBUG). Distrito Federal: cerca de Xicalco, delegacion Tlalpan, 2600 m, 20 April 1974 (fl), 

/. Rzedowski 31872 (ENCB); Santa Cecilia, delegacion de Milpa, 2600 m, 6 January 1976 (fl), A. Ventura-A. 790 (ENCB). 

Estado de Mexico: 14.5 km NE of Temascaltepec on hwy 130, 1900 m, 10 November 1985 (fl), S.A. Reisfield 1254 (WIS); 

km 18 de la carretera Ocuilan-Cuernavaca, 2200 m, 12 January 1986 (fl), Castillo et al. 4 (HUAA). Guerrero: cerro de la 

Cruz (Sierra Manuel Diaz), 19°34'0"N, 96°27'0"W, 700 m, 8 October 1985 (fl), R. Acosta-P. 902 and J.L Calzada (IBUG, 

XAL, XALU); ejido de Yextla, 4 km al SW de Filo de Caballo, aprox. 2 km al W de Carrizal de Bravo, 17°37T5.1"N, 

99°5f 36.6"W, 2673 m, 31 January 2010 (fl), J.G. Gonzdlez-G. 590 (IBUG); paraje de Pazclar, sobre la brecha que va de 

Chichihualco a Carrizal de Bravo, 17°35'39.2"N, 99°47'21.1"W, 2037 m, 31 January 2010 (fl), J.G. Gonzdlez-G. 578 (IBUG). 

Jalisco: camino de San Sebastian del Oeste a la Bufa, segundo arroyo, 20°45'19"N, 104°50'18"W, 1455 m, 7 March 2009 (fl), 

J.G. Gonzdlez-G.305 (IBUG). Michoacan: cerro Pico Azul, 2600 m, 3 December 1988 (fl), C. Medina-G. 1527 (IEB, XAL); 

Volcano of Tancitaro, near town of Tancitaro, 19°22'9.05"N, 102°13'5.49"W, 2421 m, 23 November 1999 (fl), /. Cahill 

3002 (CIMI); al oeste de el cerro la Cantera, por la brecha de Tancitaro a el Jazmin, 19°22'32.6"N, 102°22'3"W, 2267 m, 

2 May 2010 (fl, fr), J.G. Gonzdlez-G. 602 and J.A. Vazquez-G. (IBUG). Morelos: antiguo camino de la colonia del Bosque 

a Mexicapa, 18°59'26"N, 99°18'33"W, 2540 m, 26 February 1999 (fl), /. Ceja et al. 800 (ENCB, IEB). Nayarit: en la base 

del cerro Sanganguey, 20 km al SE de Tepic, 21°28'N, 104°43'W, 17 June 1987 (fl), O. Tellez-V. et al. 10388 (IEB). Oaxaca: 

2 km al SE de San Juan Juquila Mixes, sobre la brecha que va hacia San Pedro Ocotepec, 16°55'47"N, 95°54'21.3"W, 

1505 m, 24 January 2010 (fl, fr), J.G. Gonzdlez-G. 552 (IBUG). Puebla: San Pedro B. J., 2050 m, 27 February 1987 (fl), 

Dorado et al. 509 (IEB). Veracruz: 13 km N of Hwy 140 on Hwy 136 (the Misantla road), 1500 m, 5 January 1982 (fl, 

fr), K. Elliot 35a (XAL); San Andres Tuxtla, March 1982 (fl, fr), T.P. Ramamoorthy 3445 (IBUG); cerro Tres Picos, Sierra 

de Manuel Diaz, 700 m, 18 November 1984 (fr), R. Acosta-P. 82 and N. Acosta-B. (IBUG, IEB, XAL); Comapa , 450 m, 

14 June 1985 (fl, fr), A. Espiritu-S. 336 and J.L. Martinez-P. (XAL); cerro de la Mesa (Sierra Manuel Diaz), 460 m, 15 August 

1985 (fl), R. Acosta-P. 805 and F. Vazquez-B. (XAL); barranca de Panoaya, 2.5 km al NE de El Coyol, 450 m, 26 September 

1985 (fl, fr), M.E. Medina-A. 524 and F. Vazquez-B. (IEB, XAL, XALU); 1 km al NO de El Coyol, 500 m, 28 June 1985 (fl), 

M.E. Medina-A. 174 and R. Acosta-P. (MEXU, XAL). NICARAGUA. Jinotega: Santa Lastenia, between Matagalpa and 

Jinotega, 13°2'N, 85°57'W, 1450 m, 31 October 1982 (fl, fr), W. Douglas-S. 21897 (MEXU). 

Salvia mocinoi is the second morphologically most variable and most widely distributed species within 
Salvia sect. Membranaceae. Its wide variation let to the description of 4 additional species and a variety 
(Salvia lophantha Benth., S. rubiginosa Benth., S. rubiginosa var. hebephylla Fernald, S. saltuensis Fernald, 
and S. zacuapanensis). These were recognized by Epling (1939), excepting S. rubiginosa var. hebephylla and 
S. saltuensis, in base to petiole length, leaf shape, inflorescence diameter and compactness, floral bract size, 
calyx length and pubescence, and calyx lip length. The amount of herbarium specimens Epling had available 

for examination was scarce, such that it might have been easy to identify morphological discontinuities. 
However, after examining the specimens here cited, it was found a continuous variation gradient between the 
extremes he recognized as distinct taxa, that it is consistent with the resolution of recognizing only one species. 

The way these taxa have been treated in floras developed in areas that embraces part of their distribution or 
nomenclatural checklists has been variable. In Flora of Guatemala, Standley and Williams (1973) recognize 
both S. mocinoi and S. rubiginosa and submerge S. lophantha as synonym of the first; they allude S. rubiginosa 
differs from S. mocinoi in having glandular-pubescent calyces, whereas S. mocinoi does not. Alziar (1992) 
recognizes S. lophantha as synonym of S. mocinoi. Pool (2001) in Flora of Nicaragua considers S. mocinoi 
as a very variable species where she submerges S. lophantha, S. rubiginosa and S. saltuensis as synonyms; 
besides, she declares the posibility that a detailed study could reveal additional taxa. Klitgaard (2012) in Flora 
Mesoamericana recognizes S. mocinoi and S. rubiginosa; the first having 14-nerved calyces with 3-nerved 
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upper lip, membranaceous and smooth leaves, and being sparsely pilose, contrasting with the 15-nerved 
calyces with 7-nerved upper lip, wrinkled and bullate leaves, and densely pilose surfaces of S. rubiginosa; she 
considers S. lophanta, S. lophanthoides and S. saltuensis as synonyms of S. mocinoi. Furthermore, in an online 
world checklist of Lamiaceae (Govaerts et al. 2012) S. lophantha, S. rubiginosa, S. rubiginosa var. hebephylla, 
S. saltuensis and S. zacuapanensis are treated as synonyms of S. mocinoi. The lack of agreement between 
different authors also reveals that the recognition of these taxa is not straightforward, and conclusive. 

There is more coincidence considering Salvia lophantha and S. saltuensis as synonyms of S. mocinoi (Standley 
and Williams 1973, Alziar 1992, Pool 2001, Govaerts 2012, Klitgaard 2012). Epling (1939) recognized 
S. lophantha by its 7-9 mm (vs 6-7 mm) long mature calyces with almost truncate upper lip no more than 
1 mm long. But, examining type specimens, mature calyces more than 7 mm long were not found, and in 
collections of typical S. mocinoi upper calyx lip length varies from 1-2.7 mm long; hence, recognition of 
S. lophantha is not justified. Salvia saltuensis is identical to typical S. mocinoi in every aspect; Fernald (1900) 
recognized the species because of its pilose branches with spreading hairs; nonetheless, pubescence is very 
variable within S. mocinoi complex as to be used to defined taxa, and S. saltuensis was not longer recognized 
from Epling (1939) up to date. 

Epling (1939) recognized Salvia rubiginosa exclusively in base to a perception of a coarser and sometimes 
branched pubescence on the stem ribs and between them (vs finer, never branched, and restricted to the ribs). 
In fact, there is a major tendency in possessing coarser pubescence in populations considered by Epling as 
S. rubiginosa, however the hairs are always simple, contrary to what he stated, and pubescence variation is 

Fig. 14. Salvia nitida. A) leaves; B) frontal view of the flower; C) lateral view of the flower (taken by J.G. 
Gonzalez-G.). 
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Fig. 15. Salvia sanctae-luciae. A) leaf blade; B) calyces; C) floral bracts; and D) flowers (taken by J.G. Gonzalez-G.) 
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copious in both typical S. rubiginosa and S. mocinoi, stems sparsely to densely pubescent, the hairs exclusively 
on the ribs or also between them; hence pubescence is not enough to recognize two different species. The 
arguments of Standley and Williams (1973) and Klitgaard (2012), exposed above, to accept both species are 
inadequate. Most of typical populations of S. mocinoi also presents glandular-capitate hairs in their calyces, 
with 12-15 veins in total and 5 (or 7) in the upper lips [Gonzdlez-G. 578, 590 (IBUG), Gonzdlez-G. 602 and 
Vazquez-G. (IBUG), and Ramamoorthy 3445 (IBUG), for example]. It should be also noted that veins in 
S. rubiginosa calyces varies from 13-15, and in the upper lip from 5-7 (Gonzdlez-G. et al. 449, 552, (IBUG), 
Mendez-T. 5556 (IBUG), Ramirez-C. 1234 (IBUG), for example], contrasting with the 14-nerved calyces with 
3-nerved upper lip recorded by Klitgaard (2012). Consequently, recognition of S. rubiginosa as a distinct taxon 
is not supported. 

Salvia zacuapanensis is not recognized here, because no diagnostic characters were found to distinguish 
it from S. mocinoi sd. Epling (1939) recognized this species in base to its glabrous and 10-11 mm long 
(vs 7-9 mm long) calyces with 2.5 mm long (vs 2 mm long) upper lip; but, some specimens examined 
present pilose calyces [Medina-A. 174 and Acosta-P. (XAL) and Medina-A. 524 and Vazquez-B. (XAL)], and 

(6.5-)7.6-9 mm long calyces with 1.8-2.9 mm long upper lip [Acosta-P. 82 and Acosta-B. (IBUG), Acosta-P. 
805 and Vazquez-B. (XAL), Acosta-P. 902 and Calzada (IBUG, XAL), Espiritu-S. 336 and Martinez P. (XAL)]. 

Salvia lophanthoides is resurrected as a different species, after its synonymization to S. mocinoi by Klitgaard 
(2012) without any explanation. The distinction of the former against morphologically similar species 

is delineated above in the key to the species of Salvia sect. Membranaceae and in the discussion after the 
description of Salvia glabra. 

Salvia mocinoi is similar to S. langlassei and S. sanctae-luciae. However a set of morphological differences 
supports and warrants its recognition. The distinction from S. langlassei is treated in the description of 
this. Salvia mocinoi differs from S. sanctae-luciae by its shorter pedicels in fruit (S. mocinoi: 3-4 mm long, 
S. sanctae-luciae: (4-)5-7.5(-10) mm long) that do not usually exceed floral bract length, smaller calyces in fruit 
(S. mocinoi: 5-7.5 mm x 2-3.2(-4) mm, S. sanctae-luciae: 9-10 mm x 6.5-7.1 mm), and lobes of the lower one 
distinct (S. sanctae-luciae: connate % to 3A of their length), well developed nectar guides in lower corolla lip 
(S. sanctae-luciae: absent or por developed), not invaginated corolla tubes (S. sanctae-luciae: invaginated), and 
glabrous styles (S. sanctae-luciae: dorsally pilose at the apex). 

10. Salvia nitida (M.Martens & Galeotti) Benth., Prodr. 12: 300 (1848). 

Basionym: Hyptis nitida M.Martens & Galeotti, Bull. Acad. Roy. Sci. Bruxelles 11(2): 189 (1844). 

Type: MEXICO. Oaxaca: near Santa Catarina Juquila y San Marcos Zacatepec, gneiss rocks near the Pacific, 
3000 ft [915 m], November 1840 (fl, fr), H.G. Galeotti 658 (holotype BR5113910, isotypes BR5114566, 
G, K248038, K248039). (Ligs 2K, 3J, 14). 

Subshrub, erect, 0.7-1.5 m tall; stems glabrous or with short dark hairs spread on the ribs. Leaves with petioles 
0.1-0.3(-0.7) cm long (in uppermost leaves, petioles are absent), caniculate, pilose on ribs; blades ovate 
to narrowly ovate, 2-3(-5.5) cm long, (1-) 1.5-2.8 cm wide, base rounded, truncate to subcordate, margin 
widely crenate-serrate, tipped with a reddish mucro (0.5-1 mm long), apex acute, lustrous above, coriaceous, 
both surfaces glabrous to sparsely covered with short appressed hairs. Inflorescence in racemes, floral axis 
(9-) 14-24 cm long, pilose, with 4-11 verticillasters, each one 5-6-flowered, 2.8-4.8 cm gradually apart toward 

base. Lloral bracts ovate to reniform, (12-) 18-20 mm long, 13—15(—24) mm wide, persistent, magenta and 
turning into straw color when dried, glabrous, base cordate, margin serrate and ciliated, apex acute. Pedicel 
1.5-2 mm long, pilose. Calyx 4.6-6.5 mm long, 2-4.6 mm diam., green and sometimes dark-blue or purple 

tinged, covered with glandular-capitate hairs, internally covered with tiny conical hairs, lips acute, 1.5-2 mm 
long, upper lip 5-veined. Corolla blue with tube paler or white and with white nectar guides on lower lip, 

glabrous except for upper lip which is dorsally pilose and ventrally bordered with glandular-capitate hairs, and 
ventral portion of the lower lip which is pilose; tube 3.2-5 mm long, 3-4 mm wide, not ventricose, straight at 
the base and internally ornate with two papillae; upper lip 2.6-3.8 mm long, ventrally with a truncate to acute 
tooth at midportion; lower lip 7-8.6 mm long, 6-8.2 mm wide. Stamens included; filament 0.8-1.8 mm long; 

connective 2.2-4.1 mm long; theca 0.7-1.2 mm long; a pair of staminodes present above and behind filament 
insertion to corolla tube. Gynobasic horn 0.9-1 mm long; style 6-8.5 mm long, glabrous, stylar lower branch 
truncate. Mericarp ovoid, 1-1.5 mm long, 0.4-0.8(-l) mm wide, uniformly brown to reddish brown, smooth 

and glabrous. 

Distribution, habitat and phenology: Salvia nitida is endemic to the western mountais of Guerrero and 
Oaxaca in Sierra Madre del Sur (Lig. 13B). It grows in pine-oak, oak and pine forests, from 490-1900 m 
elevation. It shares habitat with the trees Calliandra grandiflora (L’Her.) Benth., Quercus crispifolia Trek, 
Q. glaucoides M.Martens & Galeotti, Q. candicans Nee, Q. magnoliifolia, Q. obtusata, Pinus devoniana, 
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P. oocarpa, and the herbs and shrubs Euphorbia julgens Karw. ex Klotzsch, Fleischmannia pycnocephala (Less.) 
R.M.King & H.Rob., Hibiscus uncinellus DC. and Lasiacis ruscifolia (Kunth) Hitchc. It flowers and fruits from 
September to beginnings of February, though there are some collections in flower also from May and July. 

Etymology: The name of this species derives from the latin word nitidus (bright), and it is most probably 
referred to the lustrous leaves of the species. 

Specimens examined: MEXICO. Guerrero: sierrita, distr. Galeana, 950 m, 12 December 1939 (fl), G.B. Hinton 14997 

(ENCB, HUMO); Agua de Obispo, puente El Mosco, 17°18'50"N, 99°28'10"W, 790 m, 18 September 1965 (fl), H. Kruse 

1310 (IEB); 1.5 miles W of logging road off Mexico Hwy 95 (Acapulto to Iguala), 0.2 miles S of km 34 marker, 18.7 

miles S of Chilpancingo, 1250 m, 25 October 1973 (fl), K.M. Peterson 326 and C.R. Broome (IEB); 46 km al SO de Filo de 

Caballo (cerca de Paraiso), 19 October 1983 (fl ),/.C. Soto-N. 5807 andE.M. Martinez (MEXU); 8 km Al SW de Yerbabuena, 

camino Filo de Caballo-Atoyac, 1900 m, 23 November 1983 (fl), -E. Martinez-S. 5685 andF. Barrie (IEB, MEXU); 33 km alN 

de Ometepec, camino a Tlacoachistlahuaca-San Isidro, 490 m, 26 November 1983 (fl), E. Martinez-S. 5768 (IBUG, MEXU, 

XAL); barranca El Toro, 17°17'38"N, 99°30'22"W, 1987 (fl), L.C. Rodriguez-M. 47 (IEB, MEXU); Malinaltepec, 1600 m, 

2 July 1989 (fl), I. Wagenbreth 46 (MEXU); Malinaltepec, 1600 m, 14 November 1990 (fl ), I. Wagenbreth 444 (MEXU); 

Malinaltepec, Ojo de Agua de Cuauhtemoc, 17°11'8.9"N 98°39'32.5"W, 2325 m, 3 August 2012 (fl, fr), B. Nepomuceno- 

C. et al. 34 (IBUG, UAGC); Malinaltepec, Ojo de Agua de Cuauhtemoc, 26 December 2012 (fl), E. Cdndido-B. 106 and B. 

Nepomuceno-C. (IBUG, UAGC). Oaxaca: 5-6 km NE of Putla, road to Tlaxiaco, 850 m, 6 February 1965 (fl), R. McVaugh 

22270 (MEXU); 10 km al SO del campamento Sto. Domingo, 1790 m, 27 October 1980 (fl), R. Hernandez-M. et al. 5243 

(ENCB, MEXU); 9 km al N de Putla , 850 m, 10 December 1982 (fl), O. Tellez-V. et al. 6178 (MEXU); a 17 km al NE de 

Piedra Larga, camino a Miahuatlan, 550 m, 22 November 1982 (fl), E. Martinez-S. et al. 2736 (HUMO, MEXU); 9 km al 

SE de Piedra Larga, camino a Miahuatlan, 23 September 1982 (fl), R. Torres-C. 1377 and R. Cedillo-T. (IEB, MEXU, OAX); 

5-6 km del poblado El Manzanal, carretera a Infiernillo, 17.12°N, 98.04°W, 1750 m, 15 December 1985 (fl), /.J. Calzada 

20631 (MEXU); 7 km al S de Cruz de Ocote, 1790 m, 23 May 1986 (fl), J.C. Soto-N. 12744 and F. Solorzano-G.(IBUG, 

MEXU); 14 km de Santiago Juxtlahuaca, entre los poblados de Agua Frfa y Hierba Santa, 17.12°N, 97.58°W, 1775 m, 

3 November 1995 (fl), J.I. Calzada 20402 (IBUG, IEB, MEXU); 3 km de El Manzanal, carretera a Infiernillo, 17°13'28.6"N, 

98°3'48.5"W, 1850 m, 10 March 1998 (fl), /. J. Calzada 22385 (MEXU); a la orilla de la carretera, 2 km antes de llegar a la 

comunidad de El Carrizo, sobre la carretera (brecha) de Santa Catarina Juquila a Rfo Grande, 16°10'19.9"N, 97°19'32.7"W, 

1147 m, 27 January 2010 (fl, fr),/.G. Gonzdlez-G.571 (IBUG). 

Salvia nitida is a distinctive species within Salvia sect. Membranaceae that can be easily recognized by its sessille 
to subsessile (petioles 0-0.3 mm, or rarely up to 0.7 mm long), ovate to narrowly ovate lustrous leaves, and lax 
inflorescences (verticillasters 2.8-4.8 cm apart from each other). 

11. Salvia sanctae-luciae Seem., Bot. Voy. Herald. 327 (1856: 327). 

Type: MEXICO. Sinaloa: Sierra Madre near the village of Santa Lucia, B.C. Seemann 2071 (lectotype BM, 
isolectotypes GH, K247999, K248000, UC; designated in Epling 1939: 150). (Figs 2B, 3K, 15). 

Salvia cladodes Fernald, Proc. Amer. Acad. Arts 35(25): 497 (1900). 

Shrub, erect, l-2.2(-3) m tall; stems pilose and puberulent. Leaves with petioles (0.8-) 1-4.2 cm long, densely 
pilose and puberulent; blades elliptic to rhombic-ovate, 6-17 cm long, (2.1-) 3-5.4 cm wide, base cuneate to long 
attenuated, margin finely serrate, apex acuminate, upper surface bullate and scarcely covered with appressed 
hairs on the veins, lower surface covered with appressed hairs mainly on veins. Inflorescences in racemes, 
floral axis 5.5-21 cm long, pilose and with some glandular-capitate hairs intermixed, with 5-9 verticillasters, 
each one 8-16(-20)-flowered, 1—3(—3.5) cm gradually apart at base. Floral bracts ovate, (4.9—)6—11 (—15) mm 
long, (4.2-)5.8-9.5(-12.9) mm wide, dark magenta, outer surface covered with appressed and some glandular- 
capitate hairs and puberulent, base truncate at the base, margin entire, apex acuminate at the apex. Pedicel 
2.9-3.6 mm long in flower (up to (4-)5-7.5(-10) mm long in fruit), densely pilose and with glandular-capitate 
hairs intermixed. Calyx (7.2-)8-8.6 mm long, 4-4.6 mm diam., up to 9-10 mm long and 6.5-7.1 mm wide 
in fruit, dark magenta and green tinged toward base, pilose on veins and covered with glandular-capitate 
hairs, internally covered with short conical hairs, lips long acute, (3.1-)3.7-4.3 mm long, lobes of lower lip 
connate % to 3/4 of its length, upper lip 5-veined. Corolla sky blue with tube usually paler or white, white nectar 
guides on lower lip absent or poor developed and restricted to throat, glabrous except for upper lip wich is 
pilose and ventrally bordered with short glandular-capitate hairs; tube 5.5-6.5 mm long, 3.4-3.7 mm wide, 
ventricose, invaginated at base and internally ornate with two papillae; upper lip 3-4.5 (-6) mm long; lower lip 
(6.5-) 7.5-11 mm long, 7.2-11 mm wide. Stamens included; filament 1.2-1.9 mm long; connective 4.5-5.2 mm 

long, ventrally ornate with a retrorse acute tooth; thecae 1.9-2 mm long; a pair of staminodes present above 
and behind filament insertion to corolla. Gynobasic horn 0.3-0.8 mm long; style 8.3-9.1 mm long, the lower 
branch acute, flat and slightly curved upward, dorsally hispidulous at apex. Mericarp ovoid, (1.7-)2.2-2.3 mm 
long, 1.2-1.4 mm wide, light brown and irregularly dark brown marbled, smooth, glabrous. 
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Distribution, habitat and phenology: Salvia sanctae-luciae is an endemic species of northwestern Mexico, 
it grows in the states of Nayarit and Sinaloa (Fig. 13C). It inhabits montane cloud, oak and pine-oak forests, 
and less frequently in ecotones of these vegetation with tropical subdeciduous forests, from (870-) 1000-1550 
m elevation. It shares habitat with the trees Carpinus caroliniana, Cecropia obtusifolia, Clethra rosei, Magnolia 
pacifica, Pinus devoniana, P. montezumae Lamb., P. oocarpa, Quercus acutifolia, Q. aristata, Q. castanea, 
Q. elliptica Nee, Styrax argenteus, and the herbs and shrubs Barleria oenotheroides, Bomarea hirtella (Kunth) 
Herb., Hyptis oblongifolia Benth., Oplismenus burmannii (Retz.) P.Beauv., Salvia aequidistans Fernald, 
S. mexicana, and S. thyrsiflora Benth. It flowers and fruits from January to April, though a specimen has been 
collected in flower in September. 

Etymology: The name of this species brings to mind the nearby village where it was collected for the first time, 
Santa Lucia, Sinaloa; but curiously, this plant is better known in Sierra de San Juan, Nayarit. 

Specimens examined: MEXICO. Nayarit: about 10 road-miles E of Jalcocotan, on road to Tepic, 1050 m, 22 April 1951 

(fr, fl), R. McVaugh 12128 (MEXU); El Cuarenteno, 5 km al S de Platanitos, que esta en el km 8 de la carretera Tepic Santa 

Cruz, 5 March 1983 (fl), P. Magaha-R. 89 and O. Tellez-V. (MEXU); along dirt road 2.7-3 mi S from hwy 66 (between Tepic 

and Miramar) to Volcan San Juan, 1370 m, 1 March 1987 (fl, fr), T.F. Daniel 4754 and B. Bartholomew (MEXU); km 5 de 

la terraceria que empieza en el km 6 de la carr. Compostela-Las Varas, 3 April 1987 (fl), O. Tellez-V. 10315 and S. Aguilar 

(IEB, MEXU); La Sidra, Canada al SE de El Cuarenteno, 1250 m, 6 September 1988 (fl, fr), M. Blanco et al. s.n. (MEXU); km 

5 camino de terraceria al Cuarenteno, que empieza 500 m al W de El Izote, carr. Tepic-Miramar, 21°28'0"N, 104°55'0"W, 2 

February 1989 (fl, fr), O. Tellez-V. 11689 and G. Flores-F. (ENCB, MEXU); Las Tierritas, 2 km al NE del Izote, cerro de San 

Juan, al W de Tepic, 21°31'N, 104°59'W, 1200 m, 23 March 1989 (fl, fr), P. Tenorio-L. et al. 15596 (MEXU); km 11 sobre 

la desviacion a El Cuarenteno, carretera Tepic-Miramar, 1550 m, 31 January 1989 (fl), E. Gonzalez-R. 671 and S. Aguilar 

(IEB); km 3.5 de la Terraceria al Cuarenteno, que empieza a 500 m al O de El Izote, camino a Jalcocotan, 21o29'10"N, 

104°59'0"W, 1360 m, 29 January 1990 (fl), O. Tellez-V. 12561 (MEXU); 11 km al E de Jalcocotan, carr. a Tepic, 21°31'N, 

105°2"W, 1000 m, 13 March 1991 (fl), G. Flores-F. 2499 and R. Ramirez-R. (MEXU); 10 km al E de la desviacion para 

el poblado El Cuarenteno, cerro San Juan, 21°28'15"N, 105°0'18"W, 1400 m, 6 April 1994 (fl), J.I. Calzada et al. 19240 

(MEXU); 10 km al E de la desviacion para el poblado El Cuarenteno, cerro de San Juan, 21°28'15"N, 105°0'18"W, 1400 

m, 6 April 1994 (fr), J.I. Calzada et al. 9240 (XAL); 11 km al SW de la carr. el Izote-V. Carranza, camino al Cuarenteno, 

Canada La Capilla, 21°28'69"N, 105°0'8.4"W, 1325 m, 20 January 1994 (fl, fr), J.I. Calzada et al. 19088 (MEXU); 25 km por 

la brecha de El Izote a El Cuarenteno, 1 km despues de El Cuarenteno, Sierra de San Juan, 21°27'7.6"N, 105°2'29.3"W, 872 

m, 12 March 2011 (fl, fr), J.G. Gonzdlez-G. et al. 931 (IBUG); 11-11.2 km por la brecha del Izote a El Cuarenteno (carr 

Tepic-Jalcocotan), 2.8-2.9 km al SO de LaNoria, Sierra de San Juan, 21°28'15"N, 105°0'10.8"W, 1404 m, 12 March 2011 (fl, 

fr), J.G. Gonzdlez-G. et al. 923 (IBUG); km 4.5-4.6 de la brecha del Izote (carr. Tepic a Jalcocotan) rumbo a La Noria, Sierra 

de San Juan, 21°30'21.2"N, 104°58'57.4"W, 1349 m, 12 March 2011 (fl, fr), J.G. Gonzdlez-G. et al. 917 (IBUG). SINALOA. 

Concordia: Potrerillos, a 2 km al SE rumbo a la Petaca, 23°26’31"N, 105°49’27'W, 1550 m, 16 February 1999 (fl), A. Rito-V. 

9720 and H. Aguilar-H. (MEXU). 

Salvia sanctae-luciae is morphologically similar to S. mocinoi and S. langlassei. The features that ensure their 
recognition are highlighted in the discussion of the two latter. The distribution of S. sanctae-luciae does not 
overlap with that of S. langlassei and S. mocinoi (compare Figs 13C vs 13A and 8A). S. sanctae-luciae grows 
in Sierra Madre Occidental and northwestern Trans-mexican Volcanic Belt in Nayarit and Sinaloa; whilst 
S. langlassei is endemic of Sierra Madre del Sur in Guerrero, and although, S. mocinoi has a wide distribution 
and has been collected as far north as Nayarit (Tellez-V. 10388, IEB), it does not grow in the same localities 
than S. sanctae-luciae. 

12. Salvia verecunda Epling ex Jones, Contr. W. Bot. 18: 53 (1933). Type: MEXICO. Chihuahua: Guayanopa 
Canyon, 5000 ft (1524 m), 13 September 1903 (fl, fr), M.E. Jones s.n. (holotype RSA, isotype UC). (Figs 21,3L). 

Perennial herb, erect, (20-)30-50(-70) cm tall; stems pilose. Leaves with petioles (0.5-)1.2-2.2(-4.6) cm long, 
pilose; blades ovate to ovate-deltoid, 2-3.5(-5.2) cm long, 1.5-2.5(-3) cm wide, base subtruncate, oblique to 
cuneate, margin crenate to serrate, apex acuminate, both surfaces covered with appressed hairs. Inflorescences 
in racemes, floral axis 9.5-20 cm long, pilose, with 4-8 verticillasters, each one 8-16-flowered, 1-3 cm gradually 
apart toward base. Floral bracts reniform, 7.7-12 mm long, 10-14 mm wide, persistent, magenta to reddish 
or green, sparsely pilose on outer surface, base cordate at the base, margin entire and ciliated, apex acuminate 
at the apex. Pedicel 1.8-2.1 mm long, pilose. Calyx 4.5-5.5(-6) mm long, 3-3.3 mm diam., magenta to dark 
magenta and green toward base, pilose mainly on veins and rarely covered with short glandular-capitate hairs 
at base, covered with short conical hairs on inner surface to glabrous, lips acute, 1.7-2 mm long, upper lip 
7-veined. Corolla sky blue with white nectar guides on lower lip, glabrous except for upper lip, which is 
pilose and ventrally bordered with short glandular-capitate hairs; tube 4-4.3 mm long, 2.3-2.5 mm wide, 
not ventricose, not invaginated at base and internally naked (epapillate); upper lip (1.5-)2.5-2.8 mm long, 
lower lip 4.7-5.8 mm long, 4-5.6 mm long wide. Stamens included; filament 0.8-1 mm long; connective 
2-2.3 mm long, ventrally ornate with a short acute tooth at midportion; theca 0.7-1 mm long; a pair of 
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staminodes present above and behind filament insertion to corolla. Gynobasic horn 0.6-0.8 mm long; style 
5.5-5.8 mm long, glabrous, lower branch acute. Mericarp ovoid, 1-1.1 mm long, 0.7-0.8 mm wide, light 
brown and irregularly dark brown marbled, smooth, glabrous. 

Distribution, habitat and phenology: Salvia verecunda is endemic to northwestern Mexico, growing in Sierra 
Madre Occidental in the states of Chihuahua, Durango and Sonora (Fig. 13D). It inhabits open oak forests, 
from 1200-1700(-2120) m elevation. It shares habitat with the trees Prunus gentryi Standi., Quercus albocincta 
Trek, Q. acutifolia, Q. chihuahuensis, Q. coccolobifolia, Salix sp. and the shrubs and herbs Achimenes sp., Begonia 
sp., Commelina erecta L., Kosteletzkya thurberi A.Gray, Muhlenbergia dumosa, Phaceliaplatycarpa (Cav.) Spreng, 
Pleopeltis polylepis var. erythrolepis (Weath.) T.Wendt. It flowers and fruits from September to November. 

Etymology: The name of this species derives from the latin word verecundus (bashful, modest); it is not clear 
what Epling (1939) meant assigning such name, probably, he referred to the un-conspicuity of the plant. 

Specimens examined: MEXICO. Chihuahua: Gambusero settlement and adjacent Rio La Haciendita of La Bataria, 1700 

m, 29 August 1986 (fl, fr), PS. Martin et al. s.n. (ARIZ); Nabogame, 28°30'N, 108°30'W, 1800 m, 7 September 1987 (fl), 

J.E. Laferrierrel035 (MEXU); Nabogame, 28°30'N, 108°30'W, 1800 m, 19 August 1988 (fl),/.E. Laferrierrel696 (CHAPA); 

Nabogame, 28°30'N, 108°30'W, 1761 m, 5 September 1988 (fl), J.E. Leferrierre 1932 (ARIZ). Durango: Reserva de la 

Biosfera La Michilia, El Sorruedo, 750 m al N, al SE de la reserva, 23°18'5"N, 104°18'5"W, 2120 m, 22 October 1985 (fl, fr), 

S. Gonzalez-E. 3615 and S. Acevedo (CIIDIR, IBUG); 1 km al NW de El Sorruedo, 27 November 1985 (fl, fr), S. Gonzalez-E. 

et al. 3691 (CHAPA, CIIDIR, IEB, ENCB). Sonora: Tierra de Chabacan, above Rio Durazno, 28°17'N, 108°20'W, 1700 m, 

3 November 1989 (fr), G. Ferguson et al. 254 (ARIZ); arroyo Los Pilares, about 2 km of Los Pilares, 13.4 mi E of Yecora, 

1260 m, 8 September 1995 (fl),M.£. Fishbein et al. 2557 (MEXU, USON); Rio Maycoba at Mex. 16 (20.5 km W of Maycoba, 

28.6 km E of Yecora), 28°22'15"N, 108°45'30"W, 1220 m, 15 September 1998 (fl), W. Taruba s.n. (USON); Yecora, Canada 

La Ventana (arroyo El Otro Lado), 2.5 km (by air) ESE of Yecora, 1520 m, 18 September 1998 (fl, fr), T.R. Van Devender 

et al. s.n. (ARIZ). 

Salvia verecunda is morphological similar to S. lasiocephala. It can be differentiated by its perennial habit 
(S. lasiocephala: annual), wider calyx (S. verecunda: 3-3.3 mm diam., S. lasiocephala: 1.5—1.9(—2.3) mm diam.), 
slightly longer corolla tube (S. verecunda: 4-4.3 mm long, S. lasiocephala: (2.5-)3-3.5 mm long) and style 
(S. verecunda: 5.5-5.8 mm long, S. lasiocephala: (3.6-)5-5.5 mm long), acute stylar branch (S. lasiocephala: 
truncate), ovoid (S. lasiocephala: lenticular), slightly longer (S. verecunda: 1-1.1 mm long, S. lasiocephala: 

0.5-0.7(-l) mm long), and brown and irregularly darke brown marbled mericarps (S. lasiocephala: entirely 
bright black). Salvia verecunda also resembles S. mocinoi but can be distinguished by its always 7-veined upper 
calyx lip (S. mocinoi: 5-7-veined), shorter (S. verecunda: 4-4.3 mm long, S. mocinoi: (4.4-)5-7 mm long) and 
not ventricose (S. mocinoi: ventricose) corolla tube and internally epapillate at base (S. mocinoi: ornate with 
two papillae), shorter filament (S. verecunda: 0.8-1 mm long, S. mocinoi: 1.3-2.6 mm long), shorter connective 
(S. verecunda: 2-2.3 mm long, S. mocinoi: 2.4-3.6(-4.5) mm long), and shorter mericarp (S. verecunda: 
1-1.1 mm long, S. verecunda: 1.3-2 mm long). 
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Abstract 

Stachytarpheta indica has been regarded as an agricultural weed occurring throughout south-east Asia. In Australia, it is 

classified as an invasive weed by the Northern Australia Quarantine Strategy (NAQS) (Brown et al. 2008). After examining 

several papers from the 1990s, we conclude that there is no evidence to support S. indica being in this region and that the 

name has been historically misapplied to several other species of Stachytarpheta. We recommend its removal from the 

NAQS invasive weed target list. A table of morphological characters is provided for four species of Stachytarpheta showing 

major differences in several character and highlights the confusion still surrounding some of the species. Stachytarpheta 

cayennensis should be added to the flora of Christmas Island, whereas the taxonomic status of S. urticifolia needs to be 

examined in further detail. 

Introduction 

Stachytarpheta indica (L.) Vahl is on the appendix of the Northern Australia Quarantine Strategy (NAQS) 
invasive weed target list (Brown et al. 2008), which is used to focus NAQS weed surveillance efforts towards 
early detection of new incursions of potentially invasive plant species. This is based on the premise that early 
detection provides improved prospects of eradication or containment, reducing impacts on the agricultural 
sector of the Australian economy and on the environment. Early detection of invasive species requires a solid 
taxonomic foundation to make reliable and timely identifications. In cases where significant conflict exists in 
taxonomic treatments, long delays will occur, hampering biosecurity responses such as an eradication program. 
One of the problems faced by anyone working with invasive weeds is that revising their taxonomy is usually 
low on a taxonomist’s agenda unless they are part of a group that is being actively researched. Furthermore, 
invasive species are often only problematic outside their natural distribution. The consequence of this is that 
those who are concerned about the distinctiveness and potential invasive risk of these taxa do not have an in- 
depth understanding of the group in their natural environment. 

Although S. indica is restricted to tropical east Africa and tropical America (Rajendran and Daniel 1992; 
Verdcourt 1992), it has long been erroneously considered to occur throughout India and south eastern Asia 
(e.g. Backer and Bakhuizen van der Brink 1965; Brenan 1950; Clarke 1885; Danser 1929; Graham 1839; Hallier 
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1918). Rajendran and Daniel (1992) describe in detail the historical aspects of this misapplication of S. indica, 
from the incorrect citation of Ceylon as the type location by Linnaeus to the misapplication of species names 
in early taxonomic treatments, beginning with Persoon (1806). Rajendran and Daniel (1992) and Verdcourt 
(1992) concluded that the misapplication of the name S. indica has mostly referred to S. jamaicensis (L.) Vahl 
and less often to S. urticifolia Sims.1 Stachytarpheta jamaicensis is another potentially invasive species that 
could be considered for the NAQS invasive weed target list as it is cited as occurring within the neighbouring 
region (e.g. Baker and Bakhuizen van der Brink 1965; Chen and Wu 2003; Moldenke and Moldenke 1983; 
Rajendran and Daniel 1992). There is significant confusion surrounding its taxonomic identity, with Munir 
(1992) regarding S. urticifolia as a synonym of S. cayennensis (Rich.) J.Vahl, a taxonomic decision supported 
by the Australian Plant Census (2014). However, this species is still recognized in some regional taxonomic 
treatments (for example, Chen and Wu 2003; Devi and Singh 2005; Rajendran and Daniel 1992). Since the 
type of S. urticifolia has not been located (Munir 1992) nor seen (Chen and Wu 2003), these two conflicting 
taxonomic decisions are based on the description and illustration of the protologue (Sims 1816). Munir 
(1992) concluded that the taxonomic concept of S. urticifolia, based on the protologue is conspecific with 
S. cayennensis, whilst Chen and Wu (2003) concluded that the description by Moldenke and Moldenke (1983) 
was sufficient to regard this species as distinct from S. jamaicensis. Unfortunately, these authors did not 
compare S. urticifolia with S. cayennensis. 

A comparison of the diagnostic features of the four problematic species: S. cayennensis, S. indica, S. jamaicensis 
and S. urticifolia, as used in three important publications (Munir 1992; Rajendran and Daniel 1992; Verdcourt 
1992), is provided here (Table 1). Minor differences in morphological terminology make it slightly difficult to 
identify the species concepts being used by these different authors. Stachytarpheta indica is regarded as having 
narrower leaves than the other three species. Stachytarpheta cayennensis has a crenate-serrate leaf margin, 
whereas the other species are variously coarsely serrate, although Rajendran and Daniel (1992) and Verdcourt 
(1992) both circumscribe S. jamaicensis as having crenate-serrate leaves. There is agreement about the number 
and shape of calyx lobes for S. cayennensis and S. indica, but no agreement for S. jamaicensis or S. urticifolia. 
Both S. cayennensis and S. jamaicensis are regarded as having a pale blue to white corolla, or at least with a white 
centre, and S. urticifolia as having corollas that are darker, purple-blue, mauve or royal blue with a pale or white 
throat. However, in S. indica the colour of the corolla is either more variable, from pale to dark, blue, mauve, or 
lavender, often with a white centre, or Rajendran and Daniel (1992) are applying a different species concept of 

S. indica from that of Verdcourt (1992). Such unsettled taxonomy could seriously impact surveillance efforts in 
terms of speed and efficiency, leading to misidentifications that could take years to uncover as well as playing 
havoc with the creation of meaningful invasive species target lists. 

Discussion 

Species of Stachytarpheta usually have four or five calyx lobes, but in S. indica, two of these lobes are extremely 
reduced so that the calyx appears to be 2-lobed (Hammel-Lierheimer and Grayum 2011; Rajendran and 
Daniel 1992; Verdcourt 1992). While vegetative characters, together with the width of the rachis can be used 
to distinguish introduced species of Stachytarpheta in Australia, S. indica can be distinguished from these by 
its seemingly bifid calyx and narrower, more lanceolate leaves. There are some anatomical differences that 
distinguish S. indica from S. cayennensis, including aborted guard cells in S. indica and contiguous stomata on 
the adaxial surface of the leaves of S. cayennensis (Adedeji 2012). Although these stomatal features are difficult 
to discern, they may be of interest in future phylogenetic studies of the genus. The number and arrangement 
of calyx teeth (lobes) appears to be an important taxonomic character, yet as can be seen in Table 1, as well as 
the characters used in Backer and Bakhuizen van der Brink (1965), there is little agreement among treatments 
around which taxon has a given arrangement, casting doubt over the robustness of these features. 

According to Rajendran and Daniel (1992, p. 166), there are five species of Stachytarpheta present in India, but 
S. indica is not one of them, because “... there are no specimens in any Indian herbarium that can be identified 
with the type of S. indica.” In their Flora of Java treatment, one of the characters used by Backer and Bakhuizen 
van der Brink (1965) to distinguish S. indica and S. jamaicensis from S. cayennensis (Rich.) Vahl is the presence 
of four teeth in the former two species as opposed to five teeth in the latter. If S. indica does indeed possess 
a clearly bifid calyx, then it seems likely that those authors have also misapplied the name, in this case to 
S. jamaicensis. According to Verdcourt (1992), S. indica is widespread in tropical Africa and tropical America, 
and is a weed in heavy, cultivated soils and rice fields. It also appears likely that Backer and Bakhuizen van der 

Uhe authority of S. urticifolia is sometimes incorrectly cited as ‘(Salisb.) Sims’ rather than ‘Sims’ (refer Verdcourt 1992, 

p. 19). Note: Cymburus urticifolius Salisb. is illegitimate (ICN 2012: Art. 52.1, 52.2, also refer Ex. 2). 
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Brink (1965) are referring to S. urticifolia (5-lobed calyx, Verdcourt 1992) and not to S. cayennensis (4-lobed 
calyx, Munir 1992). 

The presence of several hybrids (Danser 1929; Urban and Ekman 1929; Wagner et al. 1990) causes difficulties 
distinguishing the above four species. However, a comparison of the publications by Munir (1992), Rajendran 

and Daniel (1992) and Verdcourt (1992) suggest that there is some disagreement about the taxonomic concepts 
being applied. The reduction of S. urticifolia to the synonymy of S. cayennensis by Munir (1992), even though 
recognised as a distinct species by other authors, results in the application of a broad species concept that 
may not be useful for understanding the taxonomic variability or for recognising the potential invasiveness 
of the taxa included in the concept, leading to problems identifying effective control mechanisms. Broad 
species concepts are also being used to circumscribe S. jamaicensis, a morphologically variable taxon similar to 
S. cayennensis (s. lat.). There is clearly a need for a thorough taxonomic review of the genus. 

The misapplication of scientific names impacts directly on biosecurity measures, from early detection to the 
creation of meaningful alien invasive species lists (McGeoch et al. 2012). Stachytarpheta indica was placed onto 
the NAQS weed target list appendix based on regional taxonomic treatments and advice from collaborators in 
nearby countries. Stachytarpheta species can be high impact weeds (Parsons and Cuthbertson 1992; Motooka et 
al. 1969; Simmonds 1934; Swarbrick 1989), therefore, it is prudent to be on the lookout for previously unrecorded 
species with potential to enter Australia. The most likely candidates for the historical misapplication for 
S. indica, i.e., S. cayennensis and S. jamaicensis, are already prevalent throughout northern Australia, whereas 
S. urticifolia (or, if not recognised as a distinct species, then the variant characterised by this taxon) is currently 
not known for Australia. We believe that a comprehensive taxonomic concept map needs to be created for 
these four species of Stachytarpheta that covers at least the floras and other major taxonomic treatments of the 
Asia-Pacific region so that a taxonomic consensus of these taxa is of obtained. This would maintain the utility 
of regional treatments as well as allowing the end user to correct taxonomic determinations. 

Table 1. Major distinguishing characters used in the three most relevant taxonomic publications to distinguish between 

Stachytarpheta cayennensis, S. indica, S. jamaicensis and 5. urticifolia. ’Munir (1992); 2Rajendran and Daniel (1992); 3Verdcourt 

(1992). 

Species Leaf Shape Leaf Margin Calyx Lobes Corolla Colour 

5. cayennensis •ovate to oblong elliptic1 

•ovate or elliptic3 

•crenate-serrate1 

•closely serrate3 

•4 equal teeth13 •(pale) blue, (pale) violet 

or lavender1 

•white to pale blue with 

a white centre3 

S. indica •lanceolate to oblong 

lanceolate2 

•narrowly oblong to 

oblanceolate3 

•remotely coarsely serrate3 •appearing bifid with 2 

prominent teeth plus 2 

extremely reduced teeth 23 

•pale blue without a 

white centre2 

•deep to light blue, 

mauve or lavender, often 

with a white centre3 

S. jamaicensis •elliptic-obovate or 

spathulate2 

•ovate, elliptic or 

oblong3 

•coarsely serrate-dentate1 

•crenate-serrate with blunt 

serrations2,3 

•4 equal teeth plus 1 

minutely reduced1 

•4-fid2 

•4-fid, 2-long + 2-short3 

•pale mauve-blue, violet, 

or purple1 

•pale to deep blue or 

purple3 

S. urticifolia •ovate to ovate-elliptic2 

•ovate, elliptic or 

oblong3 

•dentate-serrate with very 

acute serrations23 

•4-fid2 

•shortly 5-toothed3 

•dark purple-blue, mauve 

or royal blue with a light 

or white throat3 

Stachytarpheta cayennensis was inadvertently omitted from the Oceanic Islands volume of the ‘Flora of 
Australia treatment of the genus (Barker and Telford 1993). However, the first two collections listed below 
were cited by Munir (1992) as occurring on Christmas Island: 

Cemetery Road, North East Point, B.A. Mitchell 35, 12 Jun 1984 (AD, CBG, K); Dales Track, T. Stokes 18, 
14 Aug 1983 (CBG); adjacent to Kanakers quarters which is near the Pink House, A.A. Mitchell 6298, 2 Jun 
2000 (AD, CANB, PERTH); [without specific locality] R. Pal 9,3 Nov 1983(CBG); Grants Well Track, 50 yards 
[45 m] from Grants Well, R van Tets 3, 1 Jun 1965 (CBG) 
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Conclusions 

There is no evidence of S. indica occurring outside of its tropical African-American range, and it appears 
to be of no immediate threat to northern Australia, so we recommend its removal from the NAQS invasive 
weed target list. Stachytarpheta jamaicensis is a potentially invasive species that could be investigated by 
NAQS. Recognising invasive species at an early stage gives the best chance for removal, but an inadequate 
understanding of the taxonomy of a group can severely reduce reaction times and the chances of successful 
eradication of invasive taxa. The taxonomic status of S. urticifolia and the circumscription of other species 
require further investigation. Since the genus is not being actively revised at the moment, it is unclear how long 
this will take. By disseminating taxonomic information concerning weedy members of Stachytarpheta and by 
drawing attention to a serious taxonomic problem, we hope that research into the systematics of this genus 
will be initiated. Further work may be needed to evaluate the risk that Stachytarpheta species pose to northern 
Australia. Despite several species already being present, this research would provide crucial information about 
the invasiveness and the impact that the genus could have in the future. 
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Abstract 

Dendrobium georgei (Orchidaceae) is described as a new species from southern Western Ghats, India. 

Introduction 

Dendrobium Swartz (1799, p. 82) is one of the largest genera of orchids, comprising between 1,100 and 1,450 
species of epiphytic, occasionally lithophytic and terrestrial herbs, depending on how it is circumscribed 
(Cribb and Govaerts 2005; Schuiteman 2014). The genus includes numerous species with beautiful flowers, 
occupying diverse habitats throughout much of south, east and south-east Asia and Australasia, including 
the Philippines, Borneo, Australia, New Guinea and New Zealand. According to Misra (2007) the genus is 
represented by 116 Indian species. Dendrobium is characterised by a combination of features such as the floral 
lip and lateral sepals, presence of a mentum (chin-like structure at the base of the column), and the absence 
of caudicles in their hard, waxy pollinia. In India, evergreen forests and montane grasslands of the southern 
Western Ghats form a potential centre of diversity for Dendrobium with 20 taxa reported from the Kerala 
part of the Western Ghats (Sasidharan 2013). Among these, 14 are endemic, while one species is categorized 
as critically endangered (IUCN 2012). Recent floristic exploration in the evergreen forests of Achankovil has 
yielded some interesting additional specimens of Dendrobium. The evaluation of specimens in various herbaria 
revealed that some accessions do not belong to any described species. This has resulted in the recognition of a 
novel species, which is described here as Dendrobium georgei Mathew. 

Taxonomic treatment 

Dendrobium georgei Mathew, sp. nov. 

Diagnosis: Similar to Dendrobium herbaceum Lindl., differing in stem apically thickened into pseudo bulb, 
branching pattern, very limited number of branches (4), short internodes, leaf size thinner and shorter 
(6 cm vs 1.2 cm), flower larger and white . 

Type: INDIA: Kerala: Kollam District, Kottavasal, ± 1250 m, 25 Feb. 2011, Jose Mathew CMS2721 (flowering) 
(holo: MH; iso: KFRI, CMSH, SESH). 

© 2014 Royal Botanic Gardens and Domain Trust 
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Epiphytic herbs; roots smooth; stems clavoid, 150-300 mm long, tufted, cane-like, 3-6 mm wide at base, 
10-14 mm wide towards tip; internodes 7-15 mm long in main stem and 3-7 mm in branchlets. Leaves 
alternate on terminal branches or branchlets only, 30-60 mm long, 0.1-0.12 mm wide, usually short¬ 
lived, with or without a tubular sheath at base, narrowly linear-lanceolate, acute, leafless when flowering. 
Flowers white, in 4-6-flowered racemes, formed on the subapical nodes of a pseudobulb, c. 16 mm across; 
pedicel up to 10 mm long, dorsal sepal 7 mm long, 2 mm wide, 3-veined, oblong-lanceolate and acute; lateral 
sepals 5 mm long, 2 mm wide 3-veined, oblong, subacute, apiculate; petals 5 mm long, 1.5 mm wide, 1-veined 
subfalcately oblong, obtuse, apiculate; labellum 5 mm long, 3 mm wide; side lobes ovate-orbicular; mid-lobe 
thick, orbicular, obtuse, tinged with yellow, with margin erose; mentum 8-12 mm long, incurved, anterior 

surface of the column base hollowed and broadened around stigma; rostellum bifid; pollinia 0.2-0.3 mm long, 
pale yellow, obliquely ovoid. Capsules 12-15 mm long, 6-7 mm wide (Fig. 1). 

Fig. 1. Dendrobium georgei Mathew sp. nov. a, habit; b, flowering twig; c, flowers; d, regenerating shoots during the 

monsoonal season; e, leafy twigs. 
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Table 1. Prominent morphological differences between D. georgei with its allied taxa 

Character D. georgei D. herbaceum 

Habit straight to slightly curved 2-4 branches per stem multiple up-curving branches, 15-20 branches right angles 

to each stem. 

Stem narrow at base (3-6 mm), swollen towards tip 

(10-14 mm), 150-300 mm in length 

linear to fusiform, up to 1000 mm in length 

Leaf thin, narrowly linear-lanceolate, acute, up to 

60 mm long,120 mm wide 

thick, narrowly linear-lanceolate, acute or subobtuse, up to 

120 mm long and 150 mm broad 

Pseudobulb apically thickened pseudo bulb present apically thickened pseudo bulb absent 

Inflorescence formed on the nodes of pseudobulb formed on the terminal or lateral nodes of the stem 

Floral parts white yellow 

pedicel up to 10 mm pedicel 6-7 mm long 

dorsal sepal 7x2 mm dorsal sepal 5x1.5 mm 

lateral sepals 5x2 mm lateral sepals 4 x 1.5-2 mm 

lateral petals 5 x 1.5 mm lateral petals 4 x 1 mm 

labellum 5x3 mm labellum 3x2 mm 

Distribution and Ecology: Found in montane grassland (alt. ± 1250 m) of the Kottavasal Hills, Agasthyamalai 
Biosphere Reserve, Western Ghats, Kerala, India. Grows on the trunks of Schefflera wallichiana (Wight & Arn.) 
Harms (Harms 1894-1897, p. 38), in association with bryophytes. 

Phenology: Flowering and fruiting recorded from October to February. 

Conservation status: The current conservation status is data deficient; however the distribution is limited 
with only a few plants observed at the few known locations (each with c. 60 plants - e.g. George 2929,2933). 
Although this species occurs in the Agasthyamalai Biosphere Reserve, it appears to have a very restricted 
distribution and so should, at least, be considered vulnerable. 

Etymology: The specific epithet honours Dr. K.V. George, Associate Professor of Botany, CMS College, 
Kottayam, and recognizes his immense contributions to botany, especially in the fields of angiosperm 
biodiversity and taxonomy. 

Notes: Dendrobium georgei is fairly similar to D. herbaceum in both vegetative and floral morphology, 
but differs mainly in having stems apically thickened into a pseudobulb that is deeply furrowed, stems of 
15-30 cm in length, 2-4 branches with very short internodes, thin and smaller leaf size (6 cm x 1.2 cm). 

In D. georgei inflorescences develop on nodes of the pseudobulb, and flowers are white, relatively large and 
showy. Specimens collected by Wood (2006) under his Dendrobium section Herbacea, fit the description of 
this new species. 

Additional specimen examined: INDIA. Kerala: Kollam District, Kanayar, 9°11'08"N, 77°13'04"E, alt. ± 1200 m, 

Jose Mathew and K.V. George CMS2789, 28 November 2011 (flowering) (CMS). 
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Abstract 

Atoll islands are the diversity hot spots for Cyrtosperma merkusii (giant swamp taro) and its traditional knowledge, 

especially in the Federated States of Micronesia (FSM). In these atolls and islands the giant aroid is given high importance 

in the food, cultural and traditional systems. Despite this, a significant lack of knowledge and threat of salt water intrusion 

in the face of climate change exists for the aroid. To curb this issue a classification descriptor list using the taro descriptors 

(1999) and traditional knowledge of the FSM farmers was developed. The descriptor list was then employed to classify 

the many cultivars present in FSM. The list consisted of 37 morphological traits divided into plant habit, leaves, petiole, 

inflorescence, root, corm, taste and special characteristics. Using this descriptor list, 36 distinct FSM cultivars was classified, 

four of which were unknown to the locals namely PF1, Semesrao, Liha mwahu and Nah. The results of the classification 

provided some knowledge of the various cultivars and also showed that diversity did exist within the gene pool of the 

aroid. With further research and documentation the diversity that exist within the gene pool of the aroid can be explored 

and utilized to buffer the impacts of salt water intrusion, while conserving the aroid and building its knowledge base. 

Introduction 

There are four types of taro which are normally found in the Pacific, these include the common taro Colocasia 
esculenta, Xanthosoma sagittifolium, Alocasia macrorrhizos and the giant swamp taro Cyrtosperma merkusii 
(frequently incorrectly referred to by its synonym C. chamissonis). Of these four types of taro Cyrtosperma is 
the largest reaching up to five metres in height (Dunn 1976; Iese 2005; Webb 2007). It also takes the longest to 
reach maturity, and is known for its hardy qualities of surviving in atoll environments (Thaman 2002; Manner 
2009). Giant swamp taro is one of the root crops that have spread across the Pacific reaching as far as Makatea 
Island on the northwest of Henderson Island in the Tuamotu Archipelago (Hather 2000). 

Hay (1990) and Lebot (1992) state the origin of the giant aroid to be the high lands of Papua New Guinea, 
while on the other hand some have concluded it to be of Indonesian or Indo-Malayan origin (Bradbury 

and Holloway 1988). While it has been perceived that giant swamp taro was domesticated in Indonesia, 

Paper based on presentation at Systematics with borders conference, 1-6 December 2013, The University of Sydney, 

NSW, Australia 
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the Indo-Malayan region is the region which holds the greatest diversity of the root crop (Bradbury and 
Holloway 1988; Iese 2005). However, employing techniques of archaeobotanical analysis Hather and Weisler 
(2000, p. 154) found that “...Cyrtosperma was an aboriginal introduction across Polynesia except for 

New Zealand and Easter Island where climate plus cultural preferences may have discouraged its growth...” he 
also found that Cyrtosperma merkusii was present as far back as 1451 A.D. 

The production levels of this giant aroid in the atolls are now under threat from the effects of climate change 
and related sea level rise. The increased frequency and intensity of king tides and sea swells bring huge waves 
inundating the low lying atoll islands (Liz 2007; Talia, 2009; White and Falkland 2010). This inundated sea 
water percolates into the groundwater lens increasing salinity in the fresh groundwater lens (Woodroffe 1989; 
Mimura 1999; Gerald et al. 2007). Along with this, the disturbance caused by rise in sea level to the sensitive 
balance of the groundwater lens results in seawater intrusion which adds to the increasing salinity levels 

(White and Falkland 2010). 

In addition, modernization has played a pivotal role in shaping the present trends in lifestyle preferences with 
nutritional Pacific staple crops being replaced by nutritionally poor imported foods. Giant swamp taro is no 
exception and has also ‘fallen a victim to modernization. It was once a major food source in the Indo-Pacific 
region, but it is now being replaced by western food at an accelerating pace. Foods such as instant noodles, 
rice, flour, biscuits are not only replacing giant swamp taro but also other local food crops such as pandanus, 

taro, yams, breadfruit and many others. Moreover, not all the cultivars are cultivated as preference varies 
according to taste, use, ease of cultivation and so on (Iese 2005). So apart from the effects of climate change 
and modernization, current preferences may also contribute to the extinction of some of these cultivars. 

The objective of this paper is to develop a detailed descriptor list for classification, conservation and 
documentation of giant swamp taro cultivars in the Federated States of Micronesia (FSM). 

Methodology 

The descriptor list was developed during a two day workshop conducted in Pohnpei, FSM with the help of 
local people. The workshop consisted of 37 participants, 27 farmers and 10 agriculture field technicians of 
Pohnpei Agriculture Department. There was an equal distribution of age ranging from young to old framers, 
while a 3:1 gender ration for men to women was present in the workshop. Using a giant swamp taro descriptor 
list composed by Iese (2005) consisting of 27 descriptors, along with IPGRI (1999) full descriptor list for 
Colocasia esculenta (taro) a detailed draft descriptor was prepared. This was then presented and explained 
to the participants with translations in Pohnpeian from the Pohnpei Chief Agriculture Officer Mr. Adelino 
Lorens. Through an open discussion, the participants at the workshop selected the most pertinent descriptors 
for swamp taro. There was common agreement among the participants for all the selected descriptors across 
both age range and gender. Mr. Adelino Lorens had collected approximately 50 proposed cultivars from his 
previous trips to the outer islands of FSM and had planted these in the Pilot farm. The Pilot farm presented 
a fair collection of all FSM cultivars, hence it was used for characterization of the aroid cultivars using the 
developed descriptor list with the help of four agriculture field technicians. Unfortunately, no qualified 
taxonomists were available for this workshop from either FSM or Fiji. 

Results and Discussion 

Descriptor 

Divided into eight sections namely plant habit, leaves, petiole, flower, root, corm, taste, and special characteristics, 
37 key morphological traits were identified. Plant habit had three traits: namely plant span, height at maturity 
(a plant was considered mature by the presence of inflorescences and/or dying of 50% leaves) and number of 
suckers (Table 1). Leaves had 10 traits: leaf base shape, spread of leaf lobes, leaf blade margin, blade colour, main 
vein colour, presence of appendages (small leaf like structures emerging on the underside of leaves), arrangement, 
number of leaves, lamina length: width ratio, and petiole junction pattern (Table 2). Petiole had nine traits: 
colour of top, middle and bottom thirds of petiole, presence of stripes, shape of petiole, presence of spines, 
number of spines, spine colour and size (Table 3). Inflorescence, flower and fruits had eight traits: formation, 
stalk colour, spathe colour, spadix colour, colours of berries, seed viability, exposure of flower male portion, 
degree of fertility (Table 4). Corm had four traits, corm size, cortex colour, central corm colour, and fibre colour 
(Table 5). General descriptions were given for root, taste and special characteristics as it is difficult to construct 
closed more structured questions for these traits (Table 6). 
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Table 1. Plant habit descriptors 

Trait Variability 

1.1 Plant span/spread Narrow (<50cm) 

Medium (50-100cm) 

Large (>100cm) 

1.2 Plant height at maturity 1. Short (3-4m) 

2. Medium (5-10m) 

3. Long (>10m) 

1.3 Number of suckers 

(direct shoots) 

1. Many (>10) 

2. Few (5-10) 

3. Less (<5) 

Table 2. Leaves descriptor 

Trait Variability 

2.2 Spread of leaf lobes 1. Overlapping 

2. Acute angles (<45°) 

3. Right angles (90°) 

2.3 Leaf blade margin 1. Entire (not wavy) 

2. Undulate (wavy) 

3. Sinuate (very wavy) 

Entire margin 

Acute lobes 

Wavy margin lobes 

Overlapping lobes 
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2.4 Leaf blade colour upper surface 1. Whitish 

2. Yellow/Yellow green 

3. Light green 

4. Dark green 

5. Pinkish green 

6. Reddish green 

7. Purplish 

8. Blackish 

2.5 Leaf lamina appendages 1. Absent 

2. Present 

2.6 Leaf main vein colour upper surface 1. Whitish 

2. Yellow/Yellow green 

3. Light green 

4. Dark green 

5. Pinkish green 

6. Reddish green 

7. Purplish 

8. Blackish 

2.8 Number of leaves 1. Few(<5) 

2. Normal (5-10) 

3. Many (>10) 
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2.10 Petiole junction pattern Describe 

Table 3. Petiole descriptor 

Trait Variability 

3.1 Colour of top third 1. Whitish 

2. Yellow/ Yellow green 

3. Light green 

4. Dark green 

5. Pink-Pinkish green 

6. Red-Reddish green 

7. Purple 

8. Black 

3.2 Colour of middle third Same as above 

3.3 Colour of lower third Same as above 

3.4 Petiole stripes 1. Absent 

2. Present 

Petiole with 

fine stripes 

3.5 Petiole shape 1. Straight 

2. Curved 

3. Swan's neck 

Striaght 
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3.6 Petiole throne/spine 

3.7 Number of spines 

3.8 Petiole spine colour 

3.9 Average spine size 

1. Absent 

2. Present 

1. Very little (<20 per/petiole) 

2. Few( 20-50 per/petiole) 

3. Plenty(>50 per/petiole) 

1. Green 

2. Dark green 

3. Yellow 

4. Red 

5. Pink 

6. Purple 

1. Short(<2mm) 

2. Medium (2-3mm) 

3. Long (3-4mm) 

4. Very long (>4mm) 

Thorns/ Spines 

Table 4. Inflorescence or flower descriptor 

Trait Variability 

4.1 Flower 1. Absent 

2. Present 

4.2 Flower stalk colour 1. Whitish 

2. Yellow/ Yellow green 

3. Light green 

4. Dark green 

5. Pink-Pinkish green 

6. Red-Reddish green 

7. Purple 

8. Black 

4.3 Spathe (flower cover) colour 

top/ bottom and young/old 

Describe 

4.4 Spadix colour Same as 4.2 options 

4.5 Berries colour Same as 4.2 options 

4.6 Seeds Viability 1. viable (grow) 

2. non-viable (don't grow) 

4.7 Bottom portion of spadix 1. Enclosed 

2. Exposed 

4.8 Fertility of the inflorescence 1. none 

k 
" * 

... 

- 
• .ry, . ^ 

#.v 

Indicator of fertility 

Berries/ seeds 

2. Low (<40% fertile flowers) 

3. Intermediate (<80%) 

4. High (almost 100%) 



Cyrtosperma merkusii in Micronesia Telopea 16: 95-117, 2014 101 

Table 5. Corm descriptor 

Trait Variability 

5.1 Corm Size 1 .Small (<30cm) 

2. Medium(30-50cm) 

3. Large (>50cm) 

5.2 Corm Cortex Colour 1. White 

2. Yellow3. Orange 

4. Pink 

5. Red 

6. Purple 

7. Other 

5.3 Corm flesh colour central part Same as above 

5.4 Corm flesh Fibre colour Same as above 

Corm 

Central part 

Roots Cortex 

Table 6. Descriptors of root, taste and special characteristics 

Trait Variability 

6. Roots Describe 

7. Taste 1. Very Hard 

2. Itchy/ irritating 

3. Good 

4. Very good 

8. Special characteristics eg. drought or salinity tolerance Describe 
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While all the 37 descriptor traits were useful in characterizing the cultivars, there were a few outstanding ones 
that were key to effective characterization. These included number of suckers, presence of appendages, spread 
of lobes, leaf arrangement, traits related to spines on petiole and colour of spathe. 

Characterization 

Using the developed descriptor list for giant swamp taro 36 distinctive cultivars were characterized of the 
50 cultivars present in FSM Pilot farm. The charateristics of all 36 cultivars is summarised in the Appendix 
(see below), namely Mwahngpwiliet, Nah, Lihamwahu, Semesrao, Pahweitata, Mwahngwel/nihndanis, 
nihndihjon/saimon, Mwahngsehm, PF1 NihnDoahm, NihnEneri, Mwahngwiklale, Omp 1, Omp 2, Loahr, 
Smihden 1, Smihden 4, Inpahrau, Nein serin, Mwahng Palau, Mwahng Meir, MwahngNukuwer, Mwahng so 
kalewe, Mwahngweitahtatakateki, Pahrotorot, Anetchimo 1, Anetchimo 2, Smihden en nukuro, Mwahngseri, 

Mohotuwa, Nenisehm 2, Nenisehm 3, Fanal en nukuro, Weito, Pula fabul and Pularis. Of the 50 proposed 
cultivars present in the pilot farm only 40 were characterized as some cultivars had been severely damaged 
hence inadequate for characterization, lost or were a duplicate. 

During the characterization it was found that four of the 36 cultivars found in FSM were not distinguished 
by locals hence these were named Nah, Lihamwahu, Semesrao and PF1. The first unknown cultivar was 
named Nah as the cultivar originated from the island of Nah. Lihamwahu meaning nice lady was the name 
given to the second unknown cultivars as a form of appreciation for the author’s contribution to towards the 
framer’s crop. Semesrao was the name given to the third unknown cultivar as this cultivar was identified by 
the field technician Semes and the author Rao. PF1 was the name given to the fourth unknown cultivar to 

acknowledge the Pilot Farm (PF) the cultivars was identified on. These names were given by the participants 
of the workshop and were agreed to by everyone. 

While generally the flowers of the giant swamp taro are not known to have fragrance it was found that the 
cultivar Semesrao had a frangipani-like fragrance and therefore similar to the flowers of Colocasia esculenta. 
The flower of Semesrao has a light yellow spathe and a white spadix, but unfortunately specific use of the 
flower is unknown but they can be used for floral decoration. Another outstanding cultivar which is easily 

distinguished is the Mwahngnukuwer due to the presence of appendages. It is the only cultivar that had these 
appendages and is similar to the Paipaitalinga found in Tuvalu. 

Conclusion 

A descriptor list for Cyrtosperma merkusii (swamp taro) was prepared during the Workshop in Pohnpei 
(Federated States of Micronesia). Many of the FSM cultivars in the collection were characterized during 
this Workshop. While the descriptor list has many of the morphological and some physiological descriptors 
present, it can be to made more effective through further use and/or by the addition of more traits. The 
use of molecular markers would also add another dimension to the characterization process. For effective 
conservation, collections have to be described and therefore a list of descriptors is essential. They help to 
rationalize an existing collection, thereby saving resources and they can assist in identifying unique accessions 
for safe conservation and duplication. The existing threats of climate change and modernization means that it 

is vital to conserve the diversity of this important and unique crop. The Secretariat of the Pacific Community, 
Centre for Pacific Crops and Trees (SPC CePaCT) based in Fiji is working towards conserving and documenting 
the Pacific aroids which include the giant swamp taro. 

It is essential not only to conserve these cultivars but also to document them, so that the valuable information 
about these culitvars is not lost. Currently a handful of the cultivars are threatened as many of these have 
evolved in isolation on the islands, including the four cultivars that were unknown to the locals. 

Apart from being a food crop giant swamp taro is also woven into the island culture and traditions, which 
makes this a particular crop of major significance for these island nations. Loss of this species cultivars will not 
only have implications for food security but also for culture, traditions and to some extent identity. 
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Appendix 

Characteristics of Giant Swamp Taro (Cyrtosperma merkusii) 
Federated States of Micronesia Cultivars 

Anetchimo 1 

This cultivar is tall and has a large span with plenty of suckers. Leaves are entire with <45° petiole attachment, 
arranged in a clockwise direction. It has more than ten leaves with leaf lobes that are at an acute angle. 
The cultivar has light green petioles with a straight neck and no stripes or spines. The flower has a green stalk 
with yellow spathe and reddish brown stripes; spadix is yellow and enclosed. Corm is pale yellow. 

Fig.l. Cyrtosperma merkusii - Anetchimo 1 a, whole plant; b, inflorescence; c, exposed spadix; d, corm (cross-section). 

Anetchimo 2 

Is similar to Anetchimo 1, the only difference is the plant span, leaf attachment, arrangement and petiole. This 
cultivar has a narrow plant span with a >45° petiole attachment and a counter-clockwise leave arrangement. 
The petiole is yellowish green turning pink towards base and has a curved neck. The corm of Anetchimo 2 is 
light yellow and has a good taste. 

Fig. 2. Cyrtosperma merkusii - Anetchimo 2 a, whole plant; b, corm (cross-section). 
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Fanal en nukurou 

Is a medium height cultivar with a narrow plant span and few suckers (5-10). Entire leaves have a <45° petiole 
attachment, arranged in a clockwise direction with acute angled leaf lobes. The distinctive characteristic of this 
cultivar is that the petiole is dark purplish green with many white spines (spines 2-3 mm long). The petiole 
also has a curved neck and purple stripes at base. 

Fig. 3. Cyrtosperma merkusii - Fanal en nukurou a, whole plant; b, Petiole with white spines. 

Inpahrau 

Plants of this cultivar are 5-10m in height with a narrow plant span and has plenty of suckers. The leaves of 
this cultivar are undulate with a >45° petiole attachment and arranged in a counter-clockwise direction. One 
of the distinctive features of this particular cultivar is its right angled leaf lobes which is rare amongst the 
cultivars. It has a smooth dark green petiole with a straight neck and stripes at base. It has flowers with dark 
green stalk similar to the petiole with a white exposed spadix and a yellowish brown spathe. The corm flesh is 
yellow with light brown fibres. 

Fig. 4 .Cyrtosperma merkusii - Inpahrau a, whole plant; b, Right angle leaf lobes; c. Inflorescence. 
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Liha mwahu 

Liha mwahu meaning ‘nice lady’ is a tall plant with medium span and less the five suckers. Dark green undulate, 
>45° leaves to petiole attachment with overlapping lobes are arranged in a counter-clockwise direction. It has 
green petioles, smooth with a curved neck. The flowers of the cultivar have a light green stalk with a white 
spadix and a yellowish green spathe. The flowers are 80% fertile. Corm has a light yellow flesh with brown 
fibres and many roots. 

Fig. 5. Cyrtosperma merkusii - Liha mwahu a, whole plant; b, young inflorescence; c, inflorescence with mature 
flowers bearing seeds; d, corm (cross-section). 

Mwahng loahr 

Height and span is same as Liha mwahu but has fewer suckers, less than five. Leaves are entire with >45° 
petiole attachment arranged in a clockwise direction. Leaves have overlapping leaf lobes and less than five 
leaves are present on the plant. The cultivar has dark green petiole with straight neck and few white spines that 
are less than 2 mm long. Flowers have a dark green stalk with a yellow spathe enclosing a light yellow spadix. 
Corms have a pinkish yellow flesh that tastes good and has plenty of roots. 

Fig. 6. Cyrtosperma merkusii - Mwahng loahr a, whole plant; b, inflorescence; c, corm (cross-section). 

Mwahng meir (Mwahng form the mountain) 

Cultivar has a medium height and span with fewer than 

five suckers. Leaves are undulating with <45° petiole 
attachment, arranged in a clockwise direction. The plants 
have few leaves and acute angled leaf lobes. Petioles are 
yellowish green with few white stripes towards base, it is 
also smooth with a straight neck. The corm flesh is orange 
yellow with few roots and it tastes good. 

Fig. 7. Cyrtosperma merkusii - Mwahng meir a, whole plant. 
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Mwahng nukuwer 

Medium height cultivar with narrow span and more than ten suckers. The distinctive feature of this particular 
cultivar is the presences of leaf appendages on the underside of the leaves. Other leaf characteristics include 
undulate leaf blade and <45° petiole arrangement. Leaves are arranged in a counter-clockwise direction with 
acute angled leaf lobes. Petioles are light green turning darker towards base with purple stripes, it is also 
smooth with a curved neck. The cultivar has purplish green flower stalks with a bright orange spathe enclosing 

a pink spadix with viable seeds, inflorescence fertility with less than 80% fertile seeds. Cultivar has a white 
corm flesh with yellow fibres, few roots and tastes good. 

Fig. 8. Cyrtosperma merkusii - Mwahng nukuwer a, whole plant; b, appendages on under-side of leaf; 
c, inflorescence. 

Mwahng shem 

Cultivar plants are narrow in span, tall with many suckers. They have undulate leaves with <45° petiole 
attachment and are arranged in a counter-clockwise direction. Leaf lobes are overlapping and a single mature 
plant has fewer than five leaves. Petioles are smooth, green with red stripes towards base and a straight neck. 
Flower has dark green stalk with purplish green spathe and an exposed whitish green spadix. Corm flesh is pale 

with few roots and tastes good. 

Fig. 9. Cyrtosperma merkusii - Mwahng shem a, whole plant; b, inflorescence with mature flowers; c, corm 
(cross-section). 
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Mwahng so kalowe (few roots) 

Narrow span cultivar with medium height and 5-10 suckers. It has fewer than five leaves that have an entire 
leaf blade arranged in a counter-clockwise direction. Petiole attachment to leaf is <45° with overlapping leaf 
lobes. The cultivar has smooth, light green petiole turning pinkish green towards base with stripes and a 
curved neck. Flowers have a dark reddish green stalk with yellow spathe and an exposed whitish orange spadix 
which is generally infertile. Corm flesh is light orange with orange fibres, few roots and tastes good. 

Fig. 10. Cyrtosperma merkusii - Mwahng so kalowe a, whole plant; inflorescence; c, corm (cross-section). 

Mwahng weitahta takatek 

Tall cultivar with medium span and fewer than five suckers. It has undulate leaves with <45° petiole attachment, 
arranged in a counter-clockwise direction and has overlapping leaf lobes. The distinctive characteristic of this 
cultivar is its spiny petiole that has many spines (2-3mm long) which are the same colour as the petiole. Other 
characteristics of the petiole include its light green colour that turns pinkish towards base and a straight neck. 
Flowers of this cultivar have a reddish green stalk with an exposed pale red spadix and a spathe which is green 
and turns yellow as it matures. It also has a light yellow corm flesh with plenty of roots and tastes good. 

Fig. 11. Cyrtosperma merkusii - Mwahng weitahta takatek a, whole plant; b, inflorescence with mature flowers; 
c, inflorescence with young flowers; d, corm (cross-section). 
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Mwahng wikalale (hybrid) 

A single mature plant is tall, has medium span and fewer than five suckers. Has less than five leaves which are 
undulate, with <45° petiole attachment and overlapping leaf lobes. Curved neck petioles are yellowish with 
stripes and a few short spines. Flowers have a green stalk with curved yellow exposed spadix and a yellowish 
pink spathe which is less than 40% fertile with viable seeds. Yellow corm with few roots and tastes good. 

Fig. 12. Cyrtosperma merkusii - Mwahng wikalale a, whole plant; b, inflorescence with mature flowers; c, corm 
(cross-section) 

Mwahng palau (Palau Taro) 

Medium height and span cultivar with plenty suckers. Entire leaves with >45° petiole attachment arranged in a 
counter-clockwise direction having acute angled leaf lobes. Its petioles have swan neck shape, whitish green in 
colour with plenty of light green medium sized spines. Yellowish green flower stalks support a white exposed 
spadix and purplish green spathe that gradually turns reddish yellow with maturity. Corm flesh is light orange 
with brown fibres, also has plenty of roots and tastes good. 

Fig. 13. Cyrtosperma merkusii - Mwahng palau a, whole plant; b, young inflorescence; c, inflorescence with 
mature flowers; d, corm (cross-section). 
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Mwang seri (Baby) 

Plant habitat characteristics same as Mwahng palau, leaves are undulate with <45° petiole attachment and 
acute angled leaf lobes. Leaves are arranged counter-clockwise with smooth, straight necked light green 
petioles and soft white corm with few roots. 

Fig. 14. Cyrtosperma merkusii - Mwang seri a, whole plant; b, corm (cross-section). 

Mohotuwa 

Medium height cultivar with a narrow span and fewer than five suckers. Leaves are undulating with <45° 

petiole attachment and overlapping leaf lobes. Leaves are arranged in a clockwise direction with smooth, 
straight necked petioles that are dark green in colour turning pinkish towards base. The corm flesh of the 
cultivar is pinkish orange with medium amount of roots. 

Fig. 15. Cyrtosperma merkusii - Mohotuwa a, whole plant; b, corm (cross-section). 

Nah 

Nah is the name of the particular atoll island where this taro is cultivated. Plants of the cultivar Nah are 
medium height with a narrow span and plenty suckers. Leaves have >45° petiole attachment with overlapping 
lobes, undulate arranged in a clockwise direction. It also has yellowish green petioles turning red towards base 
with a curved neck and plenty of medium sized whitish spines. Reddish green flower stalks have brownish red 

spathe and an exposed spadix with viable seeds and 100% fertility. Corm has yellow flesh with brown fibres 
and few roots. 

Fig. 16. Cyrtosperma merkusii - Nah a, whole plant; b, inflorescence; c, exposed spadix. 
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Nein Serin 

Medium Height and spread cultivar with plenty suckers and leaves arranged counter-clockwise. Leaves are 
entire with <45°petiole attachment and acute angled leaf lobes. The petioles are light green with purple stripe 
towards base, they are also smooth with a straight neck. The inflorescence has a dark green stalk with an 
exposed spadix and a green spathe with purple tip. Corm flesh is white with yellow flesh fibres and few roots. 

Fig. 17. Cyrtosperma merkusii - Nein serin a, whole plant; b, corm (cross-section). 

Nihn dhanis/ M.wel 

Is a medium size narrow span cultivar with less than five suckers and counter-clockwise leaf arrangement. 
Leaves are undulate with <45° petiole attachment and acute angled leaf lobes. The petioles are straight necked, 
dark green with plenty of whitish spines (3-4mm long). Corm flesh is orange with few roots. 

Fig. 18. Cyrtosperma merkusii - Nihn dhanis a, whole plant; b, petiole with large spines,; c, corm (cross- 
section). 

Nihn dijohn 

Medium height cultivar with narrow span and plenty of suckers, leaves arranged in a counter-clockwise 
direction. Number of leaves per single matured plant is less than five with sinuate leaf blades, <45° petiole 
attachment and overlapping leaf lobes. It has yellowish green petiole turning red towards base with stripes. 
Petioles also have a straight neck and plenty of medium sized spines same in colour as petiole. Low fertility 
inflorescences have a reddish green stalk with an exposed light orange spadix and reddish brown spathe. 
The corm has yellow flesh and few roots. 

Fig. 19. Cyrtosperma merkusii - Nihn dijohn a, leaves; b, spathe; c, inflorescence; d, corm (cross-section). 
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Nihn doahm 

Tall cultivar with narrow span and few suckers, leaves are arranged counter-clockwise, with fewer than five 
leaves with <45°petiole attachment, entire leaf blades and acute angled lobes. Petioles are smooth, straight 
necked and light green in colour. The cultivar has a unique flower with a dark green stalk and a uniquely 

shaped bright orange spathe enclosing a pale spadix. The corm has reddish yellow flesh with yellow fibres and 
few roots. 

Fig. 20. Cyrtosperma merkusii - Nihn doahm a, leaves; b, enclosed inflorescence; c, corm (cross-section). 

Nihn eneri 

Is a tall cultivar with medium span and plenty suckers. Its undulate leaves are arranged in a clockwise direction 
with <45° petiole attachment and acute angled leaf lobes. The straight necked light green petiole turns red 
towards base with stripes and does not have any spines. The flower of the cultivar has a dark green stalk with 
exposed light yellow spadix and an orange spathe with yellow tip. Along with light brown corm flesh, brown 

fibres and few roots. 

Fig. 21. Cyrtosperma merkusii - Nihn eneri a, whole plant; b, corm (cross-section). 

Nihn sehm 2 

Medium height and span cultivar with less than five 

suckers and leaves are arranged in a clockwise direction. 
Plants have fewer than five leaves, entire leaf blades with 
overlapping leaf lobes and a <45° petiole attachment. 
The dark green petioles have straight necks with no 
stripes or spines. 

Fig. 22. Cyrtosperma merkusii - Nihm sehm 2, whole plant. 
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Nihn sehm 3 

All characteristic are the same as Nihn sehm 2 expect 
its leaf arrangement which is counter-clockwise 
compared to the clockwise arrangement of Nihn sehm 
2. It also has >45° leaf petiole attachment compared to 
Nihn sehm 2 which has <45°. 

Fig. 23. Cyrtosperma merkusii - Nihm sehm 3, whole plant. 

Omp 1 

Cultivar is more than 10 m high with medium span and has plenty of suckers with leaves arranged clockwise. 
Leaves are entire, with >45° petiole attachment and acute angled leaf lobes. Its green petiole with red stripes 
at base has a straight neck with a few spines (< 2 mm long) of the same colour as the petiole. Inflorescence 
characteristics unknown. Corm has light orange flesh with orange fibres and medium roots. 

Fig. 24. Cyrtosperma merkusii - Omp 1 a, whole plant; b, corm (cross-section). 

Omp 2 

Cultivar more than 10 m high, a wide span and has 5-10 suckers. Its leaves are entire with <45° petiole 
attachment and acute angled leaf lobes while being arranged in a counter-clockwise direction. The light green 
petiole with curved neck turns purplish at base with stripes and has a few short whitish spines. The corm has 
a light yellow colour with yellow fibres and few roots. 

Fig. 25. Cyrtosperma merkusii - Omp 2 a, whole plant; b, corm (cross-section). 
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Pah rotorot (Red petiole) 

Medium height and span cultivar with 5-10 suckers and leaves arranged in a clockwise direction. Leaves are 
undulate with >45° petiole attachment and overlapping lobes. Petioles reddish green, turning red towards 
base with stripes. The straight necked petioles also have a few short spines same in colour as petiole and corm 
whitish yellow with brown fibres and few roots. 

Fig. 26. Cyrtosperma merkusii - Pah rotorot a, whole plant; b, corm (cross-section). 

Pwh weitata 

The cultivar has tall plants with medium span and 5-10 suckers. Leaves are entire with <45° petiole attachment 
and arranged in a clockwise direction. The cultivar has fewer than five leaves and leaf blades with overlapping 
leaf lobes. Its smooth, straight necked yellowish green petiole turns reddish towards base with stripes. 
Inflorescence has a reddish green stalk with an enclosed light orange spadix and a brownish orange spathe that 
turns purplish green at maturity. The corm is light orange with brown fibres and plenty of roots. 

Fig. 27. Cyrtosperma merkusii - Pwh weitata a, whole plant; b, inflorescence; c, exposed spadix; d, corm (cross-section).. 

PF1 

Tall cultivar with medium span and 5-10 suckers. Leaves are undulate with <45° petiole attachment and 
overlapping leaf lobes. Leaves arranged clockwise. Petioles dark green with purple stripes at base and smooth 
with a straight neck. The inflorescence has a dark green stalk, reddish yellow spathe enclosing a whitish orange 
spadix. Similar to the spathe colour, the corm has a light orange flesh with reddish brown fibre and has few 

roots. 

Fig. 28. Cyrtosperma merkusii - PF1 a, whole plant; b, inflorescence with exposed spadix; c, corm (cross-section). 
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Pwiliet 

Pwiliet is a common cultivar and is known and grown by many farmers, it is a medium height cultivar with 

a large span and few suckers. Leaves are undulate with a >45° petiole attachment and overlapping leaf lobes. 
Clockwise arranged leaves that are yellowish green with red stripes towards base, it also smooth with a curved 
neck. The inflorescence has a reddish green stalk, an exposed reddish orange spadix and a yellow spathe that 
gradually turns reddish yellow with maturity. Corm has orange flesh with orange fibres, plenty of roots and 
tastes good. 

Pularis 

Medium height cultivar with narrow span and less than five 

suckers. Leaves are undulate with >45° petiole attachment 
and overlapping leaf lobes. Cultivar has less than five leaves 
that are arranged in a counter-clockwise direction with 
smooth, straight necked reddish green petiole. 

Fig. 30. Cyrtosperma merkusii - Pularis whole plant. 

Semes rao 

Narrow span, tall cultivar with few suckers and leaves arranged in a clockwise direction. Its entire leaves have 
overlapping leaf lobes with a >45° petiole arrangement. The dark green petioles have no stripes or spines but 
have a straight neck. The inflorescence has dark green stalk with an enclosed light yellow spadix and a yellow 
spathe with green veins. This is the only cultivar that was found to have a frangipani-like fragrance. Its corm 
has white flesh with brown fibres and few roots. 

Fig. 31. Cyrtosperma merkusii - Semes rao a, whole plant; b, inflorescence enclosed in spathe; c, corm (cross-section). 
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Smihden 1 

This is a tall, large cultivar with few suckers and leaves that are arranged in a counter-clockwise direction. Its 
undulate leaves have a >45° petiole attachment with acute angled leaf lobes. The petioles are straight necked, 
dark green with stripes at base and very few short green spines. Inflorescences have a dark green stalk with an 
exposed yellow spadix and a dark yellow spathe. Fertility of the inflorescence is less than 40%. The corm flesh 
is white with medium amount of roots and tastes good. 

Fig. 32. Cyrtosperma merkusii - Smihden 1 a, whole plant; b, inflorescence enclosed in spathe; c, corm (cross-section). 

Pula fabul 

Medium height and span plant with fewer than five suckers and leaves arranged in a clockwise direction. The 
leaves are entire with <45° petiole attachment and overlapping leaf lobes. Its yellowish green petiole with red 
stripes at base has a straight neck and plenty of medium sized spines same in colour as petiole. 

Smihden 4 

This cultivar is tall, has medium plant span and plenty suckers. It has undulate leaves with <45° petiole 
attachment is arranged clockwise and has overlapping leaf lobes. The petioles are straight necked, green and 
have no stripes or spines. The inflorescence have dark green stalks, whitish orange exposed spadix and a reddish 
orange spathe that turns dark green at maturity. Flowers of this cultivar are not fertile, have brownish orange 
corms with few roots and tastes good. 

Fig. 33. Cyrtosperma merkusii - Smihden 4 a, whole plant; b, young inflorescence enclosed in spathe; c, mature inforescence; 

d, corm (cross-section). 
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Smihden en nukuro 

Plants of this cultivar are of medium height, narrow span and have fewer than five suckers. Clockwise arranged 
leaves have entire leaf bales with overlapping lobes and <45° petiole attachment. Its green petiole turns pink 
towards base and has a curved neck with few dark green short spines. The corm flesh is bright yellow with 
yellow fibres and few roots. 

Fig.34. Cyrtosperma merkusii - Smihden en nukuro a, whole plant, b, corm (cross-section). 

Weito 

Medium height narrow span cultivar with fewer than 

five suckers and leaves are arranged in a counter¬ 
clockwise direction. Its leaf blade is entire with acute 
angled leaf lobes and <45° petiole attachment. The 
petioles are generally dark green turning purple 
towards base with stripes, it also has a straight neck 
and plenty medium sized dark green spines. 

Fig.34. Cyrtosperma merkusii - Weito whole plant. 
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Abstract 

Gyalideopsis halocarpa sp. nov. (lichenized Ascomycota, Gomphillaceae) and Sarcogyne sekikaica sp. nov. (lichenized 

Ascomycota, Acarosporaceae) are described from the summit area of Mount Canobolas, an important lichen site near 

Orange in eastern New South Wales, Australia. 

Introduction 

Mount Canobolas State Conservation Area is an isolated outlier of the Great Dividing Range supporting one 
of the largest remnants of subalpine vegetation in the central west of New South Wales (Central Tablelands: 
sensu Anderson 1961, Jacobs and Pickard 1981). 

Most of the plant communities are at the north-western limit of their known distribution and some are highly 
significant. The Mount Canobolas Xanthoparmelia Lichen Community has been listed as an Endangered 
Ecological Community under the New South Wales Threatened Species Conservation (TSC) Act 1995, the only 
lichen community in Australia with such legal recognition. Xanthoparmelia metastrigosa (Elix) Hale is known 

only from Mount Canobolas, while X. sulcifera (Kurok.) Hale is known from one other locality in the State. 
Other unusual species growing on the mountain include X. canobolasensis Elix, X. willisii (Kurok. & Filson) 
Elix & J.Johnst. and Cladia fuliginosa Filson, each known from only one other locality in New South Wales. 

A brief, intensive foray to the summit of Mount Canobolas in April 2014 saw the discovery of two undescribed 
lichens of the genera GyalideopsisYezda (Gomphillaceae) and Sarcogyne Flot. (Acarosporaceae). Here, the new 
species are described, illustrated and discussed. An identification key to Sarcogyne in Australia is provided. 

Methods 

Observations and measurements of photobiont cells, thallus and apothecium anatomy, asci and ascospores were 
made on hand-cut sections mounted in water and dilute KOH (K). Asci were also observed in Lugol’s Iodine 
(I), with and without pretreatment in K. Chemical constituents were identified by thin-layer chromatography 
(Elix and Ernst-Russell 1993), high-performance liquid chromatography (Elix et al. 2003) and comparison 
with authentic samples. 

© 2014 Royal Botanic Gardens and Domain Trust 



120 Telopea 16: 119-125, 2014 McCarthy and Elix 

Taxonomy 

Gyalideopsis halocarpa P.M.McCarthy & Elix, sp. nov. Fig. 1 

MycoBank No.: MB809821 

Thallus epilithicus, diffusus, mediogriseus vel viridigriseoniger, 0.05-0.1 (-0.2) mm crassus. Apothecia 
superficiales, viridiater vel griseoater, concava vel plana, (0.20-)0.28(-0.34) mm diametro. Excipulum 
persistens, 40-70 pm crassum, non carbonaceum, pallide halonatum. Hypothecium 10-15 pm crassum, 
incoloratum. Hymenium 80-100 pm crassum, non inspersum, non amyloideum. Paraphyses anastomosantes, 

uniformiter 0.8-1.5(-2) pm crassae. Asci anguste vel late clavati aut ovati, (4-)8-spori, 58-80 pm longi, 
18-30 pm lati. Ascosporae hyalinae, submuriformes vel muriformes, (17-)23(-28) pm longae, (10—) 13(—16) pm 
latae. 

Type: AUSTRALIA. NEW SOUTH WALES: CENTRAL TABLELANDS: Mount Canobolas State Conservation 
Area, summit of Mt Canobolas, c. 13 km SW of Orange, 33°20'40" S, 148°58'56" E, alt. c. 1390 m, on old 
horizontal mortar slab in exposed heath, P.M. McCarthy 4318, 1 Apr 2014 (holotype: CANB; isotype: HO, 
NSW). 

Thallus crustose, epilithic, usually diffuse and indistinct, commonly threading between sand-grains on the 
substratum or forming inconspicuous colonies 1-3 mm wide, dull medium grey to dark greenish grey, 
irregularly granulose to contorted-verruculose, continuous or sparingly rimose, 0.05-0.1 (-0.2) mm thick, 
ecorticate, but with the 10-15 pm thick uppermost zone dark greyish brown in section. Algal cells chlorococcoid, 
12-20(-26) pm diam.; interstitial hyphae short-celled, 2-3 pm thick. Prothallus not apparent. Apothecia 
numerous, solitary and scattered, or paired, or in clusters of 3-6, superficial, adnate to sessile and constricted 
at the base, biatorine, (0.20-)0.28(-0.34) mm diam. [n = 50], in section subtended by a continuous algal 

layer; disc at first almost urceolate, finally slightly concave to plane, smooth, epruinose, dull greenish black 
or grey-black, the colour unchanged or somewhat paler when wetted, but not becoming translucent; margin 

Fig. 1. Gyalideopsis halocarpa (holotype). A, Habit of thalli and apothecia; B, Sectioned apothecium and adjacent thallus 

(semi-schematic); C, Section of immature apothecial margin (semi-schematic); D, Ascospores. Scales: A = 0.2 mm; 

B, C = 0.1 mm; D = 20 pm. 
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40-70 pm thick, usually prominent and persistent, with the remnants of the juvenile exciple resembling a 
pale discontinuous halo against the darker tissues of the margin; in section the proper exciple initially with 
a continuous, external, hyaline, more or less paraplectenchymatous layer c. 10—15(—25) pm thick, which 
becomes radially fissured, and later discontinuous and redundant; this is not cortical in origin, the thallus 
lacking such a structure. Mature exciple dominated by a dark olive-brown, 15-25 pm thick layer of tightly 

packed, radiating, thick-walled cells 2-4(-5) pm wide, this subtended by and an extension of a loose radiating 
network of hyaline anastomosing hyphae 20-30 pm thick, all embedded in a gelatinous matrix; in section 

the dark outer layer of the exciple along with or completely replaced by the paler internal exciple layer are 
continuous beneath the hypothecium as a well-defined, cellular 15-20 pm thick layer. Hypothecium hyaline, 

10-15 pm thick; hymenium 80-100 pm thick; both layers non-amyloid, I- (with or without pretreatment 
in K); neither layer inspersed with oil droplets, granules or crystals; epihymenial region a diffuse, medium 
brown, extracellularly pigmented layer 15-25 pm thick. Paraphyses not conglutinate in water, loosening 
further in KOH, mostly simple towards the base, branching and anastomosing sparingly and mainly distally, 

0.8-1.5(-2) pm thick, with cells 5-10 pm long; apical cells not swollen, scarcely pigmented. Asci narrowly to 
broadly clavate or ovate, (4-)8-spored, 58-80 x 18-30 pm, non-amyloid, with a short tapering stalk; apex 
rounded; submature asci with a thick tholus and a very broad and elongate, bluntly conical ocular chamber; 
tholus much thinner at maturity, the ocular chamber collapsing. Ascospores colourless, submuriform 

to muriform, with 4-7 transverse septa and 2—3(—4) longitudinal or diagonal septa, with 10—15(—20) cells 
in ocular view, elongate-ellipsoid to broadly ellipsoid or rather irregular, thin-walled, lacking a perispore, 
(17—)23(—28) x (10—)13(—16) pm [n = 91 ]; cells commonly 1 (or 2)-guttulate, the external spore wall constricted 
at the septa. Hyphophores absent. Pycnidia not seen. 

Chemistry: no substances detected. 

Gyalideopsis Mezda (Gomphillaceae) is a mainly tropical, foliicolous and corticolous genus of approximately 
100 essentially substrate-specific species, less commonly growing on bryophytes, soil, detritus, rotting wood 
and rock. Seven species are known from Australia, six from bark and rainforest leaves in north-eastern New 

South Wales and eastern Queensland, and one, G. graminicola Vezda & Kantvilas, from a dead Poa tussock in 
alpine grassland in Tasmania (McCarthy 2014); apart from substratum, all seven can be readily distinguishable 
from G. halocarpa by thalline attributes, the presence of hyphophores, the colour, shape and dimensions of the 
apothecia, and the number, size and septation of the ascospores. 

This genus has a chlorococcoid photobiont, biatorine apothecia that range from adnate to stipitate, with 
an exciple of radiating hyphae in a gelatinous matrix, a non-amyloid hymenium and 1-8-spored asci, thin 
anastomosing paraphyses and hyaline, transseptate to muriform ascospores (Kalb and Vezda 1988, Vezda 
2003, Lucking et al. 2005,2006). Most taxa on substrata other than rock possess hyphophores that are variously 
pigmented, stalked or peltate, asexual spore-producing structures that are often diagnostic for species. 
Indeed, saxicolous species are now uncommon in Gyalideopsis, most having been excised to Lithogyalideopsis 
Lucking, Serus. & Vezda by virtue of their exclusively transseptate ascospores (Lucking et al. 2005,2006) or to 
Diploschistella Vain, which has immersed apothecia with a thalline rim (Lucking et al. 2005,2006). 

Gyalideopsis halocarpa has a diffuse and rather nondescript calcicolous thallus, minute but highly distinctive 
apothecia that are blackish but have a strikingly pale excipular halo, asci with (4-) 8 comparatively small 
muriform ascospores, and it lacks hyphophores. The saxicolous G. subantarctica Henssen & Lumbsch, from 
tufa on Prince Edward Island in the South Atlantic Ocean, has blackish brown apothecia with a slightly paler 
margin, 2-4-spored asci and ascospores 25-55 x 16-28 pm (Henssen and Lumbsch 1985), while G. lecideina 
Kalb & Vezda, from montane siliceous rock in Brazil, has uniformly black, 0.3-0.5 mm wide apothecia and 
bisporous asci (Kalb and Vezda, 1988). The endemic British lichen, G. crenulata Coppins & Aptroot, from 
siliceous stones in mine spoil, has 0.2-0.3 mm diam. apothecia that are dark brown to black and bounded 
by a 0.1 mm thick, concolorous crenate margin (Coppins and Aptroot 2008); the persistently submuriform 
ascospores are smaller than those of G. halocarpa. 

Etymology: The epithet halocarpa is derived from the Greek halos [a circle (halo) around the sun or moon] 
and karpos (fruit), in reference to the pale halo-like ring around the blackish apothecia caused by the oldest 
remnants of the proper margin. 

Distribution and habitat: Gyalideopsis halocarpa is known only from a very exposed horizontal slab of mortar 
on the summit of Mount Canobolas (altitude 1390 m) where it grew with an indeterminate sterile species of 
Caloplaca. 
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Sarcogyne sekikaica P.M.McCarthy & Elix, sp. nov. Figs 2 & 3 

MycoBank No.: MB809822 

Thallus epilithicus, determinatus, areolatus, pallidiviridigriseus, 0.1-0.35(-0.45) mm crassus, acidum 
sekikaicum continens. Apothecia superficiales, olivaceonigra, plana vel valde convexa, (0.36-)0.55(-0.82) 
mm diametro, saepe albopruinosa. Excipulum tenue persistens aut excludens, 40-70 pm crassum, non 
carbonaceum, annulatum. Hypothecium 60-100 pm crassum, incoloratum. Hymenium 70-95 pm crassum, 

non inspersum. Paraphyses ramosae, 2-3.5 pm crassae. Asci clavati vel cylindricoclavati, 40-60(-80)-spori, 
58-72 pm longi, 14-18 pm lati, apicibus amyloideis. Ascosporae hyalinae, simplices, (6-)7.5(-9.5) pm longae, 
(3-)4 (-5) pm latae. 

Type: AUSTRALIA. NEW SOUTH WALES: CENTRAL TABLELANDS: Mount Canobolas State Conservation 
Area, W face of Mt Canobolas, 13 km SW of Orange, 33o20'17" S, 148°58'37" E, alt. 1250 m, on weathered 
trachytic rhyolite in heath with scattered Eucalyptus, J.A. Elix 46007, 1 Apr 2014 (holotype: CANB; isotype: 
NSW). 

Thallus crustose, epilithic, determinate, areolate, pale greenish grey, 0.1-0.35(-0.45) mm thick, forming 
colonies to c. 4 cm wide; areoles angular, 0.3-1 mm wide, plane to slightly convex, smooth to irregularly and 
minutely uneven. Cortex poorly defined or distinct and 10—15(—20) pm thick, subtending a discontinuous, 
hyaline necral layer to 25 pm thick; cells rounded to ellipsoidal, 4-8 pm wide, thick-walled, the walls dark 
olive-brown towards the surface, hyaline within. Algal layer 60-160 pm thick, with a very uneven lower edge; 

cells green, chlorococcoid, broadly ellipsoid to globose, 7-13 pm wide. Medulla 80-200 pm thick, hyaline, 
incorporating minute rock fragments and crystals; hyphae 3-6 pm wide. Prothallus not apparent, or blackish, 
clearly delimiting the thallus and up to 0.5 mm wide. Apothecia numerous, usually solitary, superficial, 
constricted at the base, lecideine, (0.36-)0.55(-0.82) mm diam. [n = 60], not subtended by algae; disc 
epruinose or, more commonly, with a thick white pruina, becoming dull olive-green to greenish black, the 

colour unchanged when wetted or becoming slightly translucent, plane to slightly or strongly convex, smooth 
to minutely uneven; margin concolorous with the disc or slightly to considerably paler, epruinose, entire or 
irregularly and shallowly flexuous or crenate, 40-70 pm thick, scarcely prominent, persisting past maturity and 
less than 50 pm thick, or becoming excluded; in section the proper exciple is non-carbonized, 40-80 pm thick, 
annular, partially subtending but not continuous beneath the hypothecium, the outer edge medium to dark 

olive-brown, internally hyaline to pale greenish brown; external cells tightly packed, radiating, thicker-walled, 
2-3 pm wide; internallywith a comparatively loose, hyaline reticulum of radiating hyphae. Hypothecium 
hyaline, 60-100 pm thick, not inspersed with granules or globules, I- (with or without pretreatment in K), 
merging with the thalline medulla below. Hymenium 70-95 pm thick, not inspersed with oil droplets, granules 
or crystals, I- (after pretreatment in K), except for the persistently 1+ deep blue ascus apices; epihymenial 
region a diffusely medium greenish brown layer 20-40 pm thick. Paraphyses rather tightly conglutinate in 

water, loosening in K, sparingly branched or unbranched below, repeatedly branching in the uppermost 
20-30 pm; cells 2-3.5 pm wide, some but not all apical cells thicker-walled, more rounded, with dark capitate 
pigmentation and 4-5(-6) pm wide. Asci narrowly clavate to clavate-cylindrical, with 40-60(-80) ascospores, 
58-72 x 14-18 pm, with a tapering stalk; apex rounded to somewhat truncate; submature asci with a thick 
uniformly amyloid tholus and a very distinct ocular chamber. Ascospores colourless, simple, elongate-ellipsoid 
to broadly ellipsoid, lacking a perispore, usually biguttulate, (6-)7.5(-9.5) x (3-)4(-5) pm [n - 50]. Pycnidia not seen. 

Chemistry: sekikaic acid (major). 

Species of Sarcogyne Flot. (Acarosporaceae) have a crustose, often immersed and usually inconspicuous 
thallus, reddish brown to black apothecia with a lecideine exciple, a non-carbonised epihymenium, simple to 
sparingly branched (but not anastomosing) paraphyses, and asci that usually contain (50-) 100-200 simple 
hyaline ascospores (Magnusson 1935; Clauzade and Roux 1985; Knudsen and Standley 2007; Fletcher and 
Hawksworth 2009). Currently with almost 40 accepted species, it grows on calcareous and siliceous rocks 
mainly in temperate and semi-arid regions (especially in Europe, North Africa and North America), less 
commonly at subtropical, wet-tropical and subpolar latitudes. 

The genus is poorly known in the Southern Hemisphere and where it has almost certainly been overlooked. 
Five species have been reported from Australia, viz. S. clavus (DC.) Kremp. and S. hypophaea (Nyl.) Arnold 
from the south-west of Western Australia, the rather common S. regularis Korb. from temperate latitudes, 
S. iridana P.M.McCarthy & Kantvilas from sandstone in central Australia and S. meridionalis P.M.McCarthy 
& Kantvilas from limestone, mainly in southern coastal and hinterland areas (McCarthy and Kantvilas 2013). 
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Fig. 2. Sarcogyne sekikaica (holotype). Scale: 1 mm. 

Fig. 3. Sarcogyne sekikaica (holotype). A, 

B, Distal cells of paraphyses; C, Ascospores; D, 

Scales: A = 0.2 mm; B-D = 10 pm. 

Sectioned apothecium and adjacent thallus (semi-schematic) 

Apex of submature ascus showing amyloid reaction of the tholus 
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Sarcogyne sekikaica is characterized by the rather thick areolate thallus containing a substantial concentration 
of sekikaic acid (secondary metabolites are absent in most Sarcogyne species and none have previously 
been found in Australian taxa), its occurrence on siliceous rock, moderately large, prominent apothecia 
commonly with a thick white pruina and a thin, non-carbonized exciple, distally branching paraphyses and 
comparatively large ascospores only 40-60(-80) per ascus. 

The widespread S. hypophaea occurs on siliceous and calcareous rocks and has a very thin and inconspicuous 
thallus. Moreover, its epruinose apothecia have a plane, dark reddish disc, a thick and persistent, often 
jointed exciple, and asci with c. 100 ascospores, each 3.5-5 xl-2 pm (Knudsen and Standley 2007; Fletcher 
and Hawksworth 2009; Knudsen and Kocourcova 2011; Knudsen et al. 2013). The exclusively silicolous 
S. clavus also has a very thin thallus, much larger apothecia (usually to 3 mm wide) with a thicker, crenulate 
and carbonized exciple, a dark brown hypothecium and asci with at least 200 ascospores much smaller that 
those of S. sekikaica (Knudsen and Standley 2007; Fletcher and Hawksworth 2009). The predominantly 
silicolous S. similis H.Magn. (North America, the Mediterranean and southern Africa) has a variable thallus 
lacking secondary metabolites, larger and sometimes clustered apothecia, often with a thicker exciple, and 
clavate asci producing at least 100 smaller ascospores (Magnusson 1935; Knudsen and Standley 2007). 
Finally, S. iridana, from sandstone in central Australia, has a very thin, diffuse whitish thallus, prominent 
epruinose apothecia, unbranched paraphyses and 150-180-spored asci. A key to the six known Australian 
taxa is provided below. 

Etymology: The specific epithet refers to the high concentration of the depside sekikaic acid in the thallus 
of the new species. 

Distribution and habitat: Sarcogyne sekikaica is known only from a weathered outcrop of hard trachytic 
rhyolite in montane heath at 1250 m, below the summit of Mount Canobolas. This habitat supports a diverse 
saxicolous lichen flora including Acarospora fuscata (Nyl.) Arnold, A. veronensis A.Massal., Aspicilia spp., 
Buellia homophylia (C.Knight) Zahlbr., several Caloplaca spp., Candelariella vitellina (Hoffm.) Miill.Arg., 

Ingvariella bispora (Bagl.) Guderley & Lumbsch, Lecidea capensis Zahlbr., numerous Parmeliaceae, Pertusaria 
spp., Paraporpidia leptocarpa (C.Bab. & Mitt.) Rambold & Hertel, Ramboldia petraeoides (Nyl. ex C.Bab. & 
Mitt.) Kantvilas & Elix, five species of Rhizocarpon, Rinodina oxydata (A.Massal.) A.Massal., Tephromela atra 
(Huds.) Hafellner and an undescribed species of Buellia sens. lat. 

Key to Sarcogyne in Australia 

1 Exciple carbonized. 2 

1: Exciple not carbonized.3 

2 Apothecia 0.4-1 mm diam.; margin entire; hypothecium colourless to pale brown . S. hypophaea 

2: Apothecia 1-3 (-6) mm diam.; margin crenulate; hypothecium medium to dark brown. S. clavus 

3 Thallus on calcareous rock (limestone or mortar).4 

3: Thallus on siliceous rock (sandstone or rhyolite).5 

4 Apothecia 0.17-0.4 mm diam.; disc epruinose, concave to plane . S. meridionalis 

4: Apothecia 0.4-1.2 mm diam.; disc usually white- to blue-grey-pruinose, plane to convex. S. regularis 

5 Thallus whitish, diffuse, 0.015-0.025 mm thick, lacking secondary metabolites; apothecia epruinose; 
ascospores 3-7 x 1.5-2.5 pm, c. 150-180 per ascus. S. iridana 

5: Thallus greenish grey, areolate, 0.1-0.35 (-0.45) mm thick, containing sekikaic acid; apothecia pruinose 
or not; ascospores 6-9.5 x 3-5 pm, 40-60 (-80) per ascus . S. sekikaica 
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Abstract 

Phebalium squamulosum Vent, subsp. verrucosum Paul G.Wilson (Rutaceae) is excluded from P. squamulosum and raised 

to the rank of species as P. verrucosum (Paul G.Wilson) I.Telford & J.J.Bruhl based on morphological and essential oil data. 

The distribution of the species is mapped and its conservation status is revised. 

Introduction 

The genus Phebalium Rudge (Rutaceae), widespread through southern and eastern Australia, contains 
28 species (Wilson 1970, 2013; Kubitzki et al. 2011; Australian Plant Census 2007-). Several species show 
considerable morphological variation and several more species may require recognition. In particular, 

P. squamulosum Vent, exhibits considerable polymorphism, with nine subspecies currently recognised by 
Wilson (2013) in the last major revision of the genus. One of these, P. squamulosum subsp. verrucosum Paul 
G.Wilson, then known from few collections, was thought to be narrowly endemic to the Macleay River gorge 
system (Weston and Harden 2002,2012) with Wilson (2013) presenting a wider distribution, citing a collection 
from Gloucester Tops. 

Taxonomic utility of essential oils in Phebalium 

Essential oil data have proved useful as a taxonomic tool in Phebalium (Brophy et al. 2006; Pala-Paul et al. 
2009) with essential oil profiles characteristic of species. The unusual ketone, dihydrotagetone, first isolated 
from Tagetes minuta L. (Jones and Smith 1925, as T. glandulifera Schrank) was shown to be a major component 
in oils from P. glandulosum Hook, subsp. macrocalyx R.L.Giles (Lassak and Southwell 1974, as subsp. 
glandulosum). Didydrotagetone appears to be a chemical marker for P. glandulosum with essential oil of three 
additional (of six) subspecies shown to have high concentrations: P. glandulosum subsp. glandulosum (Brophy 
et al. 2006), P. glandulosum subsp. nitidum Paul G. Wilson and P. glandulosum subsp. eglandulosum Paul 
G.Wilson (Sadgrove et al. 2013). Besides morphological discontinuities between subspecies, the essential oils of 
P. glandulosum subsp. angustifolium contains no dihydrotagetone. Unfortunately, in their recent investigation 
of P. glandulosum subsp. glandulosum using morphological and anatomical data, Giles et al. (2008) did not test 
the other subspecies currently assigned to P. glandulosum. 

© 2014 Royal Botanic Gardens and Domain Trust 
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A chemical marker for the P. squamulosum group appears to be the sesquiterpene ketone squamulosone, 
first hydrodistilled from leaves of P. squamulosum by Batey et al. (1971). Although no voucher was cited, the 
locality of collection of the sample, Narrabeen, Sydney, would place it in the type subspecies. Only two other 

taxa at present referred to P. squamulosum have yielded squamulosone as their major essential oil component 
(Sadgrove et al. 2014): P. squamulosum subsp. lineare Paul G.Wilson and the Gloucester Tops population 
assigned by Wilson (2013, p. 474) to P. squamulosum subsp. verrucosum but which we consider to represent 
another putative new species (Telford and Bruhl, unpublished data). Analyses from other populations 
currently assigned to P. squamulosum subsp. squamulosum in north-eastern New South Wales (Pala-Paul et 
al. 2009; Sadgrove et al. 2014) and Queensland (Brophy et al. 2006) have identified different chemotypes 
all lacking squamulosone, most with elemol as the main component of their essential oils, indicating their 
probable taxonomic misplacement. Essential oil from the several populations of P. squamulosum subsp. 
verrucosum sampled (excluding the Gloucester Tops population) lack squamulosone and elemol, but have a 
high dihydrotagetone content (Sadgrove et al. 2013). Therefore, P. squamulosum subsp. verrucosum is clearly 
distinct from the other subspecies currently recognised for this species. 

Morphological distinctness of Phebalium squamulosum subsp. verrucosum 

Besides this phytochemical evidence, morphological differences between the named subspecies (Telford and 
Bruhl, unpublished data) reinforce the need for their taxonomic reassignment. Phebalium squamuosum subsp. 
verrucosum differs from most taxa included under P. squamulosum in its vegetative and floral morphologies, 
possessing a dentate calyx and verrucose stems and leaves. Another group of Northern Tableland populations 
assigned by Wilson (1970, 2013) to P. squamulosum subsp. ozothamnoides have ovate calyx teeth longer than 
the tube, not the truncate calyx tube characteristic of P. squamulosum; these are currently under investigation 
(Telford and Bruhl unpublished data) as a probable new species. In regard to oil glands, in all other populations 
assigned to P. squamulosum they are puncate, not verrucose as in P. glandulosum. Together, these morphological 
differences indicate P. squamulosum subsp. verrucosum has closer affinities with P. glandulosum, a possible 
relationship addressed by Wilson (1970) in the protologue of this taxon. However, discontinuities in foliar 
morphology, geographic separation and a lack of intergrading populations preclude assigning P. squamulosum 
subsp. verrucosum to P. glandulosum. 

Fig. 1. A. Flowering branchlet of Phebalium verrucosum (from plant cultivated at University of New England, Armidale, 

N.S.W., from cuttings collected at Long Point, Oxley Wild Rivers National Park, N.S.W.); B. Photomicrograph of oil glands 

on adaxial surface of young leaf of P. verrucosum (from Copeland 4521, collected Apsley River, N.S.W.) Scale bars = 1 mm. 
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Phebalium squamulosum subsp. verrucosum is removed from P. squamulosum and raised to the rank of species 
below. A comparison of attributes of P. squamulosum subsp. verrucosum, P. squamulosum subsp. squamulosum 
and P. glandulosum subsp. glandulosum is presented in Table 1. Here only attributes from the Sydney Basin 

material matching the type of P. squamulosum are presented. Inclusion of attributes of all populations currently 
assigned to P. squamulosum subsp. squamulosum would compromise the comparisons as our data suggests the 
name encompasses a heterogeneous species aggregate as discussed above. Similarly for P. glandulosum, with 
our on-going research indicating that this species is also an unnatural taxonomic assemblage. 

Table 1. Comparison of attributes of P. squamulosum subsp. verrucosum, P. squamulosum subsp. squamulosum 

(from Sydney Basin material matching type) and P. glandulosum subsp. glandulosum. 

Attribute P. squamulosum 
subsp. verrucosum 

P. squamulosum 
subsp. squamulosum 

P. glandulosum 
subsp. glandulosum 

Stem surface lepidote & verrucose lepidote lepidote & verrucose 

Leaf adaxial surface verrucose smooth verrucose 

Calyx rim dentate truncate dentate 

Adaxial petal colour cream-white yellow cream 

Major essential oil component dihydrotagetone squamulosone dihydrotagetone 

Status of Phebalium squamulosum subsp. verrucosum 

In the light of the phytochemical data and the polymorphic nature of P. squamulosum, its other infraspecific 
taxa in New South Wales require further critical re-examination. Queensland taxa previously assigned to 
P. squamulosum were studied by Forster (2003), wherein P. distans P.I.Forst. was segregated and P. squamulosum 
subsp. longifolium (S.T.Blake) Paul G.Wilson reinstated to specific rank. Consistency in the application of rank 
within a genus is essential. Our future studies in Phebalium intend to apply the criteria adopted by Forster 
(2003) and species concepts consistent with de Querioz (2007). 

Fig. 2. Distribution of Phebalium verrucosum (black dots) in New South Wales, Australia. 
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Taxonomy 

Phebalium verrucosum (Paul G.Wilson) I.Telford & J.J.Bruhl, stat. nov. 

P. squamulosum subsp. verrucosum Paul G.Wilson, Nuytsia 1: 84 (1970); Weston and Porteners (1991); Weston 
and Harden (2002, 2012); Wilson (2013). 

Type: New South Wales: Northern Tablelands: Tia Falls, W. Forsyth s.n., Oct. 1900; holo: NSW69872. 

Shrubs or treelets, to 5 m high. Bark grey, becoming corky with prominent pale longitudinal lines of lenticels. 
Branchlets densely white lepidote. Leaves with petiole 1-2.2 mm long; lamina narrowly elliptic, oblong or 
linear, 13-38 mm long, 1.8-5.8 mm wide; margin flat or slightly recurved; apex rounded, minutely apiculate, 
truncate or ± retuse; abaxial surface densely white stellate hairy, rarely with some ferruginous colouring; adaxial 

surface with midrib impressed, verrucose, initially sparsely stellate hairy, becoming sparsely papillose by loss of 
hair branches, rarely glabrous. Inflorescence of l(or 2) terminal umbels; umbels (1—)3—5(-12)-flowered, often 
with the 2 adjacent upper axils bearing solitary flowers; peduncle 1—3.5(—8) mm long, densely white stellate hairy; 
pedicels 2.4-6 mm long, densely white stellate hairy. Calyx cup-shaped-broadly obconic, 1.8-2.2 mm diam., 
verrucose, densely white stellate hairy, 5-lobed; lobes broadly triangular, c. 0.7 mm long. Petals 5, free, ovate, 
2.5-3.2 mm long 1.4 mm-1.8 wide, obtusely acuminate, margin slightly incurved, glabrous; abaxial surface 
silvery or ferruginous lepidote; adaxial surface cream-white coloured. Stamens 10, spreading; filaments 3.5-5.8 
mm long; anthers elliptic, c. 0.7 mm long with a minute, globose apiculum. Ovary subglobose, c. 1.2 mm diam.; 

carpels free, 5, white lepidote; style filiform, c. 4.3 mm long, glabrous; stigma truncate. Fruit of 5 ±spreading 
cocci; cocci obovoid, 3.5-3.8 mm long, 2.2-3 mm wide, truncate and shortly beaked, white lepidote. Seeds not 
seen. 

Additional specimens examined (selection from 17 seen): New South Wales: Northern Tablelands: Guy Fawkes River 

National Park, head of Big Scrub Creek, Floyd 1140, 10 Nov. 1978 (CFSHB, MEL, NSW); N edge of Wollomombi 

Gorge, c. 1.5 km ENE of main lookout at Wollomombi Falls, c. 42 km E of Armidale, Williams s.n. & Floyd, 20 Sep. 1978 

(CANB, MEL, NE, NSW); Oxley Wild Rivers National Park, Long Point rest area, SE of Hillgrove, 200 m downslope on 

track, Williams s.n., 16 Oct. 1999 (BRI, CANB, NE, NSW); Oxley Wild Rivers National Park, W side of Tia River, 300 m 

below Tia Falls, Copeland 4284 & Reckford, 23 Oct. 2007 (BRI, CANB, MEL, NE, NSW); North Coast: Sara River, Ballards 

Flat, c. 60 km NE of Guyra, Williams s.n., 25 Oct. 1990 (NE); Nymboida River crossing, 5 km S of Nymboida, Bean 7668, 

25 Apr. 1994 (BRI, MEL, NSW); Nymboi-Binderay National Park, Nymboida River, Cod Hole, Telford 12944 & Bruhl, 

9 Sep. 2006 (BRI, CANB, HO, MO, NE, NSW, PERTH). 

Distribution: Phebalium verrucosum is endemic to the Macleay, Guy Fawkes and Nymboida River drainage 
basins on the eastern fall from the New England Tableland, on gorge rims of the Northern Tablelands and along 
the Nymboida River, North Coast, New South Wales. The specimen cited by Wilson (2013, p. 474): ‘Gloucester 

Tops, 1 Jan. 1967, R. Coveny (PERTH)’ is a misidentification of a species of the Phebalium squamulosum core 
group (fide P. H Weston). Plants from this Gloucester Tops population have truncate calyces and the chemical 
marker squamulosone as the major essential oil component (Sadgrove et al. 2014), not dihydrotagetone as in 
P. verrucosum and P. glandulosum 

Phenology: flowers recorded April, June, September-November. As in many temperate species of Australian 
Rutaceae, the first buds open in autumn with flowering continuing sporadically through winter, with the main 
flush in spring. 

Habitat: the species grows on gorge edges at 900-1000 m altitude, and also following suitable rocky stream- 
side sites down to 180 m altitude. Soils at gorge rim sites are skeletal, derived from metasediments; those 
of stream banks are on metasedimentary rock outcrops or alluvial gravel. Vegetation communities include 
Eucalyptus shrubby woodland or Backhousia sciadophora, Olea paniculata dry rain forest on gorge rims and 
Casuarina cunninghamiana gallery forest on stream banks. Associated understorey species on the gorge rims 
include Zieria floydii at Guy Fawkes River gorge, Acacia blakei subsp. diphylla at Long Point, Zieria furfuracea 
and Olearia viscidula at Wollomombi Falls, Flakea fraseri and Beyeria lasiocarpa at Tia Falls and Backhousia 
myrtifolia, Flakea ochroptera and Leionema elatius subsp. beckleri along the Nymboida River. 

Conservation Status: although previously gazetted as a threatened taxon (see Weston and Harden 2012) 
under the ROTAP criteria (Briggs and Leigh 1996), recent collections show a considerably larger range than 
previously known. The species is noted as common at several Oxley Wild Rivers National Park sites (e.g. more 
than 100 plants at Long Point, pers. obs.) and is now not considered to be at risk. The species is conserved in 
Guy Fawkes River, Nymboi-Binderay and Oxley Wild Rivers National Parks. 
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Modification to the key in Flora of New South Wales 

The keys to Phebalium species in Flora of New South Wales (Weston and Harden 2002) and the New South 
Wales Flora Online (Weston and Harden 2012) maybe modified to accommodate the species as follows: 

4 Leaves glandular-warty above, usually with glandular-undulate to crenate margins. 5 

Leaves smooth, with entire, straight margins, glands punctate, not prominently raised. 6 

5 Leaves cuneate to linear-cuneate . P. glandulosum 

Leaves oblong to linear or narrow-elliptic . P. verrucosum 

6 Leaves with midvein not apparent above, 0.8-2 mm wide, linear to narrow-oblong, with 
margin recurved to tightly revolute. P. stenophyllum 

Leaves either with midvein slightly to strongly impressed above, or >2 mm wide, variously 
shaped, with margin flat to revolute. P. squamulosum 
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Abstract 

Seven new species, Pertusaria paratropica (with lichexanthone, hypothamnolic and salazinic acids), P. parasommerfeltii 

(with 4,5-dichlorolichexanthone and 2'-0-methylperlatolic acid), P. qinbaensis (with norstictic and stictic acids), 

P. wenxianensis (with norstictic acid and 4,5-dichlorolichexanthone), P. sejilaensis (with protocetraric acid), 

P. subviolacea (with hypothamnolic and cryptothamnolic acids) and P. taibaiensis (with norstictic acid), are reported 

from China. 

Introduction 

Pertusaria DC. is a globally distributed genus with a high biodiversity, and is polyphyletic with species 
belonging to different families within Pertusariales (Schmitt and Lumbsch 2004; Schmitt et al. 2010). Molecular 
data support that the genera Gyalectaria (Coccotremataceae) with gyalectoid ascomata and Varicellaria 
(Ochrolechiaceae) with lecanoric acid have been segregated or enlarged (Schmitt et al. 2010; Schmitt et al. 
2012). Another two groups in Pertusaria are Pertusaria s. str.-group and Variolaria-group, but Variolaria-group 
is close to Ochrolechiaceae (Schmitt and Lumbsch 2004). The species of Pertusaria are differentiated by the 
apothecial structure, the number of ascospores per ascus, the structure of spores and chemistry (Dibben 1980; 
Archer 1997; Schmitt and Lumbsch 2004). A recent account of the lichen genus Pertusaria in China (Zhao et 
al 2004) listed a total of 47 taxa, and over the past 10 years, an additional 21 species have been reported (Zhao 
et al. 2006a, b; Yang et al. 2008; Ren and Zhao 2008; Ren et al. 2008a, b; Ren et al. 2009a, b; Ren 2013; Ren and 
Kou 2013; Ren and Zhao 2014; Zhao et al. 2014). A continuing survey of Pertusaria species from China has 
been carried out, and an examination of some interesting or erroneously identified specimens has revealed the 
presence of seven new species, which are described and illustrated here. 

Materials and methods 

This paper is based on specimens deposited in SDNU (Lichen Section of Botanical Herbarium, Shandong 
Normal University), HMAS-L (Lichen Section of Herbarium, Institute of Microbiology, Chinese Academy of 
Sciences) and KUN (Herbarium, Kunming Institute of Botany, Chinese Academy of Sciences). The morphology 
of the lichen specimens was examined using an Olympus SZ 51 stereomicroscope. Photographs of the thallus 
were taken with an OLYMPUS SZX16 camera with DP72. Colour reactions (spot tests) and the chemical 
constituents were identified using standard methods (Orange et al. 2001). 

© 2014 Royal Botanic Gardens and Domain Trust 
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The species 

Pertusaria paratropica Q.Ren, sp. nov. Fig. 1 

MB 809839 

Diagnosis: Similar to Pertusaria tropica Vain, but differs in possessing larger ascospores and containing 
salazinic acid. 

Type: China, Yunnan: Fugong County, the west slope of Biluo Snow Mountain, alt. 2700 m, on dead twigs, 
Q. Ren 918,28 May 2004; holotype HMAS-L. 

Thallus grey to yellow-grey, moderately thick, epiphloedal, the margin ± entire and unzoned, corticolous; 
soredia absent, but isidia sometimes present, granulate and crispy; upper surface smooth to tuberculate, 
somewhat shiny or matt, slightly fissured. Fertile verrucae white, hemispherical, numerous, well dispersed or 
occasionally crowded, 1-1.5(-2) mm in diam. Discs red-brown to black, 0.5-1 mm in diam., level or raised, 
heavily white-pruinose. Apothecia uncommon, usually 2-5 per verruca, fruit centre pink. Epithecium red- 
brown, K+ violet. Ascospores 1 per ascus, cylindric, 174-210 x 61-68 pm; ascospore wall single, 3-4 pm thick. 

Chemistry: Thallus K+ yellow, C-, KC-, Pd+ deeply yellow, UV+ yellow. Secondary metabolites: lichexanthone 
(major), hypothamnolic acid (major), salazinic acid (major), decarboxyhypothamnolic acid (trace) and 
consalazinic acid (trace). 

Etymology: From the Greek para, near, and the species' resemblance to Pertusaria tropica Vain. 

Substrate and ecology: It grows on dead twigs or bark at altitudes between 1930 and 3000 m. 

Comments: The new species belongs to Variolaria-group. It chemically resembles the tropical species 
P. tropica, but this species contains lichesterinic acid or l’-methylhypothamnolate and elatinic acid in addition 
to hypothamnolic acid and ± lichexanthone, and has smaller ascospores (115-180 x 25-50 pm long) (Archer 
1997; Elix et al. 2002). 

Additional specimens examined: China: Yunnan: Gongshan County, Yeniugu, 27°48'45"N 98°49'51.8"E, alt. 2700 m, on 

stump, L.S. Wang 00-19337,30 May 2000 (KUN); Dulongjiang Town, Longyuan Village, alt. 2400 m, on dead twigs, Q. Ren 

372, 30 Aug 2002 (HMAS-L); Weixi County, the east slope of Biluo Snow Mountain, alt. 2600 m, on Rhododendron sp., 

Q. Ren 633, 31 May 2004 (HMAS-L); Lijiang City, Yulong Snow Mountain, the riverside of Baishuihe, alt. 3000 m, on Pinus 

yunnanensis, L.S. Wang 85-330,6 Aug 1985 (KUN); Dali City, Mt. Cangshan, alt. 3000 m, on bark, Q. Ren 2011011,14 Aug 

2011 (SDNU). Sichuan: Luding County, the Camp 2 of Hailuogou, alt. 2456 m, L.S. Wang96-17285, 28 Aug 1996 (KUN). 

Fujian: Mt. Wuyi, alt. 1930 m, on bark, Q. Ren 2012589, 5 Jan 2013 (SDNU). Chongqing: Mt. Jinfo, Fengchuiling, alt. 2215 

m, on dead twigs of Rhododendron sp., Q. Ren C249, 1 Oct 2001 (SDNU). 

Pertusaria parasommerfeltii Q. Ren, sp. nov. Fig. 2 

MB 807235 

Diagnosis: Similar to Pertusaria sommerfeltii (Florke) Fr., but differs in containing 2'-0-methylperlatolic acid 
in place of stictic acid. 

Type: China: Shaanxi: Mt. Taibai, Mingxing Temple, alt. 2800 m, on Pinus sp., Q. Ren 2005328, 4 Aug 2005; 
holotype HMAS-L. 

Fig. 1. Pertusaria paratropica, holotype. Scale bar = 1 mm. Fig. 2. Pertusaria parasommerfeltii, holotype. Scale bar = 1 mm. 
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Thallus grey or yellow-grey, epiphloedal, thin, the margin ± entire and unzoned, corticolous. Upper surface 
smooth to tuberculate, shiny or matt; isidia and soredia absent. Fertile verrucae concolorous with the thallus, 
or sometimes darker, ampliariate, constricted, generally concave above, numerous, well dispersed, or locally 

crowded and occasionally fused, (0.8-) 1 (-1.5) mm in diam. Ostioles (1-) several per verruca, black, frequently 
grouped within 2-6 central depressions. Apothecia 1-5 per verruca, the fruit centre hyaline. Epithecium dark 
brown, K+ violet. Asci 8-spored. Ascospores hyaline, strictly uniseriate, ellipsoid or spherical, 20-30 x 12-20 pm; 
ascospore wall smooth, double, c. 2-3 pm thick, and end wall trimmed, c. 3-5 pm thick. 

Chemistry: Cortex K-, C-, KC-, Pd-; medulla K-, C-, KC-, Pd-. Secondary metabolites: 
4,5-dichlorolichexanthone and 2'-0-methylperlatolic acid. 

Etymology: From the Greek para, near, and the resemblance of this species to Pertusaria sommerfeltii (Florke) 
Fr. 

Substrate and ecology: Pertusaria parasommerfeltii is a corticolous species and grows on conifers, such as 
Picea and Pinus, at altitudes between 2300 and 3300 m. 

Comments: The new species is characterized by a yellow-grey, thin and shiny thallus; concave verrucae 
with several black ostioles often arranged in 2-6 central depressions; 8-spored asci with dominately 
ellipsoid or spherical and strictly uniseriate spores; and the production of 4,5-dichlorolichexanthone and 
2'-0-methylperlatolic acid. It belongs to Pertusaria s. str.-group. Previously reported erroneously from China 
as Pertusaria sommerfeltii (Florke) Fr. (Zhao et al. 2004), but P. sommerfeltii has flat-topped verrucae with 
frequently blackened apices and contains 4,5-dichlorolichexanthone and stictic acid (Dibben 1980). The new 
species is morphologically and chemically similar to the Australian species P. pertractata Stirton (Stirton 1876, 
Kantvilas and Elix 2008) in that both species contain 4,5-dichlorolichexanthone and 2'-0-methylperlatolic 
acid and possess asci with eight ascospores but P. parasommerfeltii has conspicuous black ostioles and smaller 
arcospores, 20-30 pm long compared to 32-65(-70) pm long in P. pertractata. 

Additional specimens examined: China: Shaanxi: Mt. Taibai, Dadian, alt. 2300 m, on Pinus armandii, Q. Ren 2005377, 

2 Aug 2005 (SDNU); Mingxing Temple, alt. 2800 m, on Picea sp., Q. Ren 2005331, 4 Aug 2005 (SDNU). Gansu: Zhouqu 

County, Muxutan, alt. 2500 m, on Picea sp., F. Yang 61407, 30 Jul 2006 (SDNU); Diebu County, Mt. Hutoushan, alt. 3200 

m, on Picea sp., Z.F. Jia 61060, 25 Jul 2006 (SDNU). Fleilongjiang: Muleng Town, Sanxinshan Forest Farm, on Pinus sp., 

/. C. Wei 2654,23 Jul 1977 (HMAS-L). Yunnan: Lijiang City, Yunshan Ping, alt. 31000 m, on Picea sp., X. Y. Wang et al. 4806, 

3 Aug 1981 (HMAS-L); Ganheba (c. 25 km NW of Lijiang City), alt. 3200-3300 m, on Picea sp., T.T. Ahti et al. 87-42645, 

23 Apr 1987 (KUN). 

Pertusaria qinbaensis Q.Ren, sp. nov. Fig. 3 

MB 809840 

Diagnosis: Similar to Pertusaria himalayensis Awasthi & Srivastava, but differs in having larger ascospores, 
epithecium K+ violet, and in containing additional stictic and consitictic acids. 

Etymology: From the Latin ensis, place of origin, and the distribution in Qinshan Mountains and Daba 
Mountains. 

Type: China: Shaanxi: Ningshan County, Pingheliang, alt. 2350 m, on Betula platyphylla, Sh. X. Guo &X. L. Shi 
SF4005,28 Jul 2005; holotype SDNU. 

Fig. 3 . Pertusaria qinbaensis, holotype. Scale bar = 1 mm. Fig. 4. Pertusaria wenxianensis, holotype. Scale bar = 1 mm. 
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Thallus grey or yellow-grey, corticolous, epiphloedal, thin, the margin ± entire and unzoned, corticolous; 
upper surface smooth, continuous, somewhat shiny; soredia and isidia absent. Fertile verrucae numerous, 
predominantly ampliariate or erect, conical to flat-topped, concolorous with the thallus or sometimes darker, 

well dispersed, occasionally fused, 0.4-0.5(-l) mm in diam. Ostioles 1 or 2-4 per verruca, conspicuous, black, 
level or lightly sunken, rarely grouped in a central depression. Apothecia 1 or 2-4 per verruca, the fruit centre 
hyaline. Epithecium dark, K+ violet. Asci 8-spored, cylindric. Ascospores (4 or 6)8, predominantly biseriate, 
rarely irregular, ellipsoid to fusiform, 75-120 x 30-55 pm; ascospore wall smooth, c. 3-5 pm thick, and end 
wall trimmed, 7-10 pm thick. 

Chemistry: Cortex K+ yellow becoming red, C-, KC-, Pd+ yellow; medulla K+ yellow becoming red, C-, KC-, 

Pd+ yellow. Secondary metabolites: norstictic acid (major), stictic acid (major) and constictic acid (minor). 

Substrate and ecology: Pertusaria qinbaensis is a corticolous species, found in several localities in two different 
provinces. It grows on various barks such as Betula sp. and Pinus sp., or on dead twigs, at altitudes between 
2300 and 2600 m. 

Comments: Pertusaria qinbaensis belongs to Pertusaria s. str.-group, and it is characterized by a smooth and 
continuous thallus; ampliariate fertile verrucae with 1-4 black ostioles; 8-spored asci with biseriate, ellipsoid 
or fusiform ascospores; and the presence of norstictic and stictic acids. The new species is chemically similar to 
Pertusaria himalayensis, but the latter has smaller spores (48-88 pm long), epithecium K-, and lacks stictic acid 
(Awasthi and Srivastava 1993). Previously reported erroneously from China as Pertusaria elliptica Mtill.Arg. 
(Yang et al. 2008), which is 3- or 4-spored and contains 2,5-dichlorolichexanthone, 2,4,5-trichlorolichexanthone, 
and stictic acid in the thallus (Archer 1997). 

Additional specimens examined: China: Shaanxi: Ningshan County, Pingheliang, alt. 2300 m, on dead twigs J.Z. Zhao 

958, 28 Jul 2005 (HMAS-L). Gansu: Wenxian County, Qiujiaba, alt. 2350 m, on Pinus sp., F. Yang 20070293, 4 Aug 2007 

(SDNU); alt. 2550 m, on dead twigs, F. Yang20070155, 3 Aug 2007 (SDNU); alt. 2600 m, on bark, F. Yang 20070182, 3 Aug 

2007 (SDNU). 

Pertusaria wenxianensis Q.Ren, sp. nov. Fig. 4 

MB 809841 

Diagnosis: Similar to Pertusaria himalayensis Awasthi & Srivastava, but differs in having smaller ascospores 
and in containing additional 4,5-dichlorolichexanthone. 

Etymology: From the Latin ensis, place of origin, and Wenxian County. 

Type: China: Gansu: Wenxian County, Qiujiaba, alt. 2360 m, on Pinus sp., F. Yang 20070104, 3 Aug 2007; 
holotype HMAS-L. 

Thallus grey or ash-grey, corticolous, very thin, epiphloedal, margin ± entire and unzoned, corticolous; 
upper surface smooth to tuberculate, continuous or lightly fissured, generally matt; soredia and isidia absent. 
Fertile verrucae numerous, dense, predominantly ampliariate or erect, usually flat-topped and tuberculate, 
occasionally elongate, (0.3—)0.5—1 mm in diam., concolorous with the thallus. Ostioles 1, 2 or 3 per verruca, 
black, conspicuous, level or lightly sunken, more often grouped in a central depression. Apothecia 1, 2 or 3 
per verruca, the fruit centre hyaline. Epithecium dark, K+ strongly violet. Asci 8-spored, cylindric. Ascospores 
(6 or)8, predominantly uniseriate, rarely irregular, ellipsoid, 28-40 (-50) x 15-20 pm; ascospore wall smooth, 
c. 3 pm thick, and the end wall at times trimmed, c. 5 pm thick. 

Chemistry: Cortex K+ yellow becoming red, C-, KC-, Pd+ yellow; medulla K+ yellow becoming red, C-, KC-, 

Pd+ yellow. Secondary metabolites: norstictic acid and 4,5-dichlorolichexanthone. 

Substrate and ecology: Pertusaria wenxianensis is a corticolous species, found in several localities in two 
provinces. It grows on Pinus or other kinds of barks at altitudes between 2250 and 4400 m. 

Comments: Pertusaria wenxianensis belongs to Pertusaria s. str.-group, and it is characterized by a thin, 
marginally unzoned and matt thallus; numerous ampliariate fertile verrucae with the 1-3 black ostioles 
grouped in a depression; 8-spored asci with uniseriate, ellipsoid ascospores; and the presence of norstictic 
acid and 4,5-dichlorolichexanthone. The new species is chemically similar to Pertusaria himalayensis, but 
this species has larger ascospores (48-88 pm long), a K- epithecium and lacks 4,5-dichlorolichexanthone 
(Awasthi and Srivastava 1993). Pertusaria wenxianensis is also morphologically and chemically similar to 
the little known, Australian endemic species P. undulata Mtill.Arg. (Muller 1893; Archer 1997) which also 
contains 4,5-dichlorolichexanthone and norstictic acid but possesses larger ascospores (67-85pm long) and 
inconspicuous ostioles. 
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Additional specimens examined: China: Gansu: Wenxian County, Yigongduan of Qiujiaba, alt. 2450 m, on bark, F. Yang 

20070033,2 Aug 2007 (SDNU); Ergongduan of Qiujiaba, alt. 2360 m, on Pinus sp., F. Yang20070079,20070125,20070114, 

3 Aug 2007 (SDNU); alt. 2550 m, on bark, F. Yang 20070111, 3 Aug 2007 (KUN); alt. 2350 m, on Pinus sp., F. Yang 

20070404,20070389,20070393, 5 Aug 2007 (SDNU). Xizang: Linzhi County, Lulang Town, Mt. Sejila, alt. 3300 m, on bark, 

G.Y. Han 20073100, 25 Oct 2007 (SDNU); alt. 4400 m, on Rhododendron sp., G.Y. Han 20073355-2, 27 Oct 2007 (SDNU). 

Pertusaria sejilaensis Q. Ren, sp. nov. Fig. 5 

MB 809842 

Diagnosis: Similar to Pertusaria lacericans A.W.Archer, but differs in having larger ascospores and conspicuous 
black discs. 

Etymology: From the Latin ensis, place of origin, and Mt. Sejila in the Nyainqentanglha Mountains of the 
Tibetan Plateau. 

Type: China: Xizang: Linzhi County, the east slope of Mt. Sejila, alt. 4120 m, on dead twigs, G. Y. Han 20073172, 
26 Oct 2007; holotype SDNU. 

Thallus ash-grey to yellowish grey, very thin to thin, epiphloedal, the margin ± entire and unzoned, corticolous; 
soredia and isida absent; upper surface smooth to tuberculate, generally matt, continuous or fissured. Fertile 
verrucae lecanorate, concolorous with thallus, numerous, well dispersed or occasionally crowded, rarely 
fused, (0.3-)0.5-l mm in diam., the verrucal margins crenulate or lacerate. Discs black, ± 0.5 mm in diam., 
level, predominantely slightly or ocassionally heavily white-pruinose. Apothecia mostly 1-2 per verruca, 
conspicuous, the fruit centre brownish. Epithecium brown, K-. Ascospores 1 per ascus, common, cylindric, 
(190—)210—240(—250) x 60-90 pm; ascospore wall single, smooth, 3-5 pm thick, and the end wall not trimmed. 

Chemistry: Thallus K+ yellow, C-, KC+ pink, Pd+ deeply yellow. Secondary metabolite: protocetraric acid. 

Substrate and ecology: On dead twigs or barks at altitudes between 3075 and 4300 m. 

Comments: Pertusaria sejilaensis belongs to Variolaria-group, and it is characterized by a grey, thin and 
unzoned thallus; lecanorate fertile verrucae with 1 or 2 apothecia; black discs covered with slight pruina; 
1-spored asci with large, cylindric spores, the walls of which are smooth and not trimmed; and the production 
of protocetraric acid. The new species resembles Pertusaria lacericans, but this species has inconspicuous, 
immersed apothecia; ascospores uncommon and smaller (170-180 x 35-40 pm) and with a thinner spore wall 
(c. 1pm thick) (Archer 1997). 

Additional specimens examined: China: Xizang: Linzhi County, Mt. Sejila, alt. 3300 m, on bark, G.Y Han 20070111, 

25 Oct 2007 (SDNU), 20073110-2 (SDNU); alt. 4110 m, on bark, G.Y. Han 20073156, 26 Oct 2007 (SDNU); alt. 4150 m, 

on dead twigs, G.Y. Han 20073284,27 Oct 2007 (SDNU); alt. 4200 m, on bark, G.Y. Han 20073293,27 Oct 2007 (SDNU); 

alt. 4280 m, on bark, G.Y. Han 20073259, 26 Oct 2007 (SDNU). Yunnan: Lijiang City, Mt. Laojun, alt. 3075 m, on bark, 

Q. Ren 4, 18 Oct 2002 (KUN); Xianggelila County, Shika Snow Mountain, alt. 4300 m, on bark, H.Y. Wang 20081221, 

2 Nov. 2008 (SDNU). 

Fig. 5 . Pertusaria sejilaensis, holotype. Scale bar = 1 mm. Fig. 6. Pertusaria subviolacea, holotype. Scale bar = 2 mm. 
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Pertusaria subviolacea Q. Ren, sp. nov. Fig. 6 

MB 809843 

Diagnosis: Similar to Pertusaria violacea Oshio, but differs in containing hypothamnolic and cryptothamnolic 
acids. 

Etymology: From the Latin, sub, under or somewhat, a reference to the similarity with the species Pertusaria 
violacea. 

Type: China: Guizhou: Jiangkou County, Fanjingshan National Nature Reserve, 27°35'N 108°40'E, alt. 1875 m, 
on bark, Q. Ren 2012353, 9 Oct 2012; holotype HMAS-L. 

Thallus ash-grey to grey, thin, epiphloedal, the margin entire and often zoned; upper surface smooth to 
tuberculate, generally matt, corticolous; isidia absent, but soredia present, granulate, often forming soralia; 
soralia round, convex, mainly located in the centre, dispersed or locally crowded to fused. Apothecia and 
pycnidia not seen. 

Chemistry: Soralia K+ yellow quickly becoming purple, C+ pink, KC+ red, Pd+ deep yellow, UV-. Secondary 
metabolites: hypothamnolic acid (major) and cryptothamnolic acid (major). 

Substrate and ecology: On bark. 

Comments: Pertusaria subviolacea belongs to Variolaria-group, and it is characterized by a grey, thin and 
zoned thallus without apothecia; round and convex soralia; and the production of hypothamnolic and 
cryptothamnolic acids (both major metabolites). Morphologically, the new species is similar to the sterile 
Pertusaria violacea, but this species produces only thamnolic acid (Dibben 1980). 

Additional specimens examined: China: Guizhou: Jiangkou County, Fanjingshan National Nature Reserve, 27°55'N 

108°41'E, alt. 2150 m, on bark, Q. Ren 2012330, 9 Oct 2012 (KUN); alt. 1875 m, on bark, Q. Ren 2012371, 9 Oct 2012 

(SDNU). 

Pertusaria taibaiensis Q. Ren, sp. nov. Fig. 7 

MB 807234 

Diagnosis: Similar to Pertusaria californica Dibben, but differs in having thinner walled spores and lacks 
papillate ostioles. 

Type: China: Shaanxi, Mt. Taibai, Wengong Temple, alt. 3800 m, on siliceous rock, Q. Ren 2005349,4 Aug 2005; 
holotype HMAS-L. 

Thallus yellow-grey, epilithic, moderately thick to very thick, the margin ± entire and often zoned. Upper 
surface smooth to rugose-plicate, generally matt, deeply fissured and always areolate; isidia and soredia absent. 
Fertile verrucae concolorous with the thallus, pertusariate, more often flat-topped than hemisphaerical, 
frequently deformed, numerous and dispersed, at times crowded, 1-2(-3) mm in diam. Ostioles 1-8 per 
verruca, predominately black, level or slightly sunken but never papillate, well dispersed. Apothecia 1-8 per 
verruca, the fruit centre hyaline. Epithecium black, K-. Asci 2-spored; ascospores hyaline, ellipsoid, 120-250 
x 45-70 pm. Ascospore wall smooth, c. 7 (-10) pm thick, with the end wall slightly trimmed, c. 14 pm thick. 

Chemistry: Medulla K+ yellow becoming blood-red, C-, KC-, Pd+ orange. Secondary metabolite: norstictic 
acid. 

Etymology: From the Latin ensis, place of origin, 
and Mt. Taibai, the main peak of the Qinling 
Mountains in central China. 

Substrate and ecology: On siliceous rock, 
especially on the sunny side of the rock. 

Comments: Diagnostic characters for the species 
are a yellow-grey, thick and areolate thallus; 
pertusariate verrucae that bear 1-8 black, never 
papillate, ostioles; 2-spored asci; ascospore wall 
smooth, the ends of which are slightly trimmed; 
and the production of norstictic acid. The new 
species belongs to Pertusaria s. str.-group, and 
previously reported erroneously from China as Fig. 7. Pertusaria taibaiensis, holotype. Scale bar = 1 mm. 
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Pertusaria plittiana Erichsen (Zhao et al. 2004), which is also saxicolous and 2-spored, but in this species 
the ascospore wall is rough and the medulla produces additional planaic and stenosporic acids. Pertusaria 
taibaiensis is most similar to Pertusaria californica Dibben in morphology and chemistry, but the latter is 

restricted to the coast and coastal mountains of central California, and has far thicker walled ascospores, outer 
spore wall (2—)5(—10) pm thick, inner spore wall (4—)13(-24) pm thick, ends of ascospores heavily trimmed, 
(12-)36(-68) pm thick, and predominately papillate ostioles (Dibben 1980). 

Selected specimens examined: China: Shaanxi: Mt. Taibai, Ping’an Temple, alt. 2700 m, on siliceous rock, Q. Ren 2005321, 

2005322, Aug 2005 (SDNU); Mingxing Temple, alt. 2800 m, on siliceous rock, Q. Ren 2005336, 4 Aug 2005 (SDNU); 

roadside between Dadian and Doumugong, alt. 2780 m, on siliceous rock, Q. Ren 2005347, 3 Aug 2005 (SDNU). Hubei: 

Shennongjia, the southeast slope of Da Shennongjia, alt. 2890 m, on rock, A.T. Liu 8401412,29 Jul 1984 (HMAS-L 027885). 

Acknowledgments 

The authors would like to thank Ms. Deng Hong (HMAS-L), and Mr. Wang Lisong (KUN) for the loan 

of specimens. This study was financially supported by the National Natural Science Foundation of China 
(31370066), and the Excellent Young Scholars Research Fund of Shandong Normal University. Alan W. Archer 
(NSW) is warmly thanked for reviewing the paper and for corrections to the text. 

References 

Archer AW (1997) The lichen genus Pertusaria in Australia. Bibliotheca Lichenologica 69: 5-249. 
Awasthi DD, Srivastava P (1993) New species of Pertusaria (lichenized fungi) from India. The Bryologist 

96(2): 210-215. http://dx.doi.org/10.2307/3243803 
Dibben MJ (1980) The chemosystematics of the lichen genus Pertusaria in North America North of Mexico. 

Milwaukee Public Museum, Publication in Biology and Geology 5: 1-162. 
Elix JA, Wardlaw JH, Archer AW (2002) 1'-Methyl hypothamnolate, a new (3-orcinol meto-depside from a chemical 

race of the lichen Pertusaria tropica (Ascomycotina, Pertusariaceae). Mitteilungen aus dem Institut fur Allgemeine 

Botanik Hamburg 30-32: 35-40. 

Kantvilas G, Elix JA (2008) Additions to the lichen genus Pertusaria in Tasmania. Sauteria 15: 249-263. 
Muller J (1893) Lichenes exotici Hedwigia 32: 120-136. 
Orange A, James PW, White FJ (2001) Microchemical Methods for the Identification of Lichens. (British 

Lichen Society: London) 

Ren Q (2013) Pertusaria albiglobosa, a new lichen from China, Mycotaxon 124: 349-352. http://dx.doi. 
org/10.5248/124.349 

Ren Q, Kou XR (2013) A new species of Pertusaria from China, The Lichenologist 45: 337-339. http://dx.doi. 
org/10.1017/S0024282913000066 

Ren Q, Sun ZS, Liu HJ, Zhao ZT (2008a) Two new records of Pertusaria (lichenized ascomycetes) from China. 
Mycosystema 27(4): 611-613. 

Ren Q, Sun ZS, Wang LS, Zhao ZT (2009a) A new species of Pertusaria (Pertusariaceae) from China. Mycotaxon 
108: 231-234. http://dx.doi.org/10.5248/108.231 

Ren Q, Sun ZS, Zhao ZT (2008b) Two new species of Pertusaria (Pertusariaceae) from China. Mycotaxon 106: 
441-444. 

Ren Q, Sun ZS, Zhao ZT (2009b) Pertusaria wulingensis (Pertusariaceae), a new lichen from China. The 
Bryologist 112(2): 394-396. http://dx.doi.Org/10.1639/0007-2745-112.2.394 

Ren Q, Zhao N (2014) New taxa of the lichen genus Pertusaria from China. Mycotaxon 127: 221-226. 
Ren Q, Zhao ZT (2008) Two species new for China of the lichen genus Pertusaria. Guihaia 28(6): 735-736. 
Schmitt I, Fankhauser JD, Sweeney K, Spribille T, Kalb K, Lumbsch HT (2010) Gyalectoid Pertusaria species 

form a sister-clade to Coccotrema (Ostropomycetidae, Ascomycota) and comprise the new lichen genus 
Gyalectaria. Mycology 1: 75-83. http://dx.doi.org/10.1080/21501201003631540 

Schmitt I, Lumbsch HT (2004) Molecular phylogeny of the Pertusariaceae supports secondary chemistry as an 

important secondary character set in lichen-forming ascomycetes. Molecular Phylogenetics and Evolution 
33: 43-55. http://dx.doi.Org/10.1016/j.ympev.2004.04.014 

Schmitt I, Otte J, Parnmen S, Sadowska-Des AD, Lucking R, Lumbsch HT (2012) A new circumscription 

of the genus Varicellaria (Pertusariales, Ascomycota). MycoKeys 4: 23-36. http://dx.doi.org/10.3897/ 
mycokeys.4.3545 

Stirton J (1876) Lichens British and Foreign. Transactions of the Glasgow Society of Field Naturalists 4: 85-95. 
Yang F, Ren Q, Shi XL, Zhang Q, Zhao ZT (2008)The lichen genus Pertusaria from Bailong River valley of 

Gansu, China. Mycosystema 27(4): 622-626. 



140 Telopea 16: 133-140, 2014 Qiang Ren 

Zhao JZ, Guo SY, Zhao ZT (2006a) A species of the lichen genus Pertusaria new to China. Journal of Fungal 
Research 4(1): 42-44. 

Zhao JZ, Guo SY, Zhao ZT (2006b) An annotated checklist of the lichen family Pertusariaceae from Qinling 

Mountains. Mycosystema 25(2): 179-183. 
Zhao N, Sun ZS, Zhou M, Sun H, Ren Q (2014) Three new records of lichen genus Pertusaria from China. Acta 

Botanica Boreali-Occidentalia Sinica 34(3): 0628-0630. (in Chinese) 
Zhao ZT, Ren Q, Aptroot A (2004) An annotated key to the lichen genus Pertusaria in China. The Bryologist 

107: 531-541. http://dx.doi.org/10.1639/0007-2745(2004)107[531:AAICTTL]2.0.CO;2 

Manscript received 13 August 2014, manscript accepted 28 August 2014 



Volume 16: 141-148 

Publication date: 22 September 2014 

dx.doi.org/10.7751/telopea20147894 

Telopea 
Journal of Plant Systematics 

The Royal 

Botanic Gardens 
& Domain Trust 

plantnet.rbgsyd.nsw.gov.au/Telopea • escholarship.usyd.edu.au/journals/index.php/TEL • ISSN 0312-9764 (Print) • ISSN 2200-4025 (Online) 

New species and new records of the lichen genus Cratiria 
(Physciaceae, Ascomycota) in Australia 

John A. Elix 

Research School of Chemistry, Building 137, Australian National University, Canberra, ACT 0200, Australia 

Abstract 

Cratiria burleighensis Elix, C. streimannii Elix and C. verdonii Elix are described as new to science and C. amphorea 

(Eckfeldt) Marbach is reported from Queensland and New South Wales, Australia for the first time. The new combination 

Cratiria subtropica (Elix) Elix is made and this species is reported as new to Queensland. In addition, C. lauricassiae (Fee) 

Marbach and C. obscurior (Stirt.) Marbach & Kalb are reported as new to New South Wales. 

Introduction 

This paper is a continuation of investigations into Buellia-\ike lichens in Australia, following on from the first 
accounts of Buellia and related genera (Elix 2009, 2011; Elix and Kantvilas 2013b, 2014a) and revisions to 
Amandinea (Elix and Kantvilas 2013a), and Baculifera (Elix and Kantvilas 2014b). In this paper, I deal with 
Cratiria whose species are characterized by short, bacilliform conidia 4-6 pm long, an hymenium which may 
be inspersed or non-inspersed, an excipulum containing lichen substances and ascospores with apical wall- 
thickenings (Marbach 2000). The superficially similar genus, Buellia sens. str. is distinguished from Cratiria 
by ascospores with subapical and medial wall-thickenings, an inspersed hymenium and an excipulum which 
lacks lichen substances. This paper describes three species new to science, reports new records of Cratiria in 
Australia, and provides a key to the Australian species. 

Methods 

Observations and measurements of photobiont cells, thallus and apothecium anatomy, asci and ascospores 
were made on hand-cut sections mounted in water and dilute KOH (K). Asci were also observed in Lugols 
Iodine (I), with and without pretreatment in K. Apothecial sections were treated with 50% aqueous nitric acid 
(N). Chemical constituents were identified by thin-layer chromatography (Elix 2014) and comparison with 

authentic samples. 

© 2014 Royal Botanic Gardens and Domain Trust 
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New species of Cratira 

Cratiria burleighensis Elix sp. nov. Fig. 1 

MycoBank No.: MB 810121 

Similar to Cratiria vioxanthina but differs in having immersed apothecia, an 1+ violet medulla, a pale proper 
exciple and in lacking vioxanthin and demethylvioxanthin. 

Type: Australia: Queensland: Moreton (Anonymous 1975): Burleigh Heads National Park, 81 km SE of 
Brisbane, 28°05'S, 153°27'E, alt. 8 m, on basalt boulders on rocky headland, J.A. Elix 1092, 22 Aug 1975 
(holotype: CANB; isotype: BRI). 

Thallus crustose, continuous, to 3.5 cm wide, up to 0.3 mm thick; upper surface smooth, matt, cracked- 
areolate, off-white to pale whitish grey, individual areoles irregular, 0.2-1 mm wide; prothallus marginal, thin, 
black or not apparent; medulla white, 1+ violet; photobiont cells 8-13 pm diam. Apothecia 0.2-1 mm wide, 
scattered to crowded, immersed, rounded, very rarely becoming adnate; disc dark brown to brown-black, 
epruinose, weakly concave then plane; proper excipulum thick, prominent, persistent, paler than the disc, 
often with adhering, necrotic thalline fragments, in section 30-50 pm thick, outer zone dark brown, K-, N-, 
inner zone pale brown. Epihymenium 10-15 pm thick, red-brown to pale olive-brown, K-, N-. Hypothecium 

30-80 pm thick, inspersed with oil droplets, red-brown, K+ orange, forming red crystals; subhypothecium 
intense red-brown, 100-130 pm thick. Hymenium 60-80 pm thick, colourless, lower section inspersed with 

oil droplets; paraphyses 1.5-2 pm wide, simple to sparsely branched, capitate, with pale brown apices 3-4 pm 
wide; asci of the Bacidia-type, 5-8 spored. Ascospores of the Buellia-type, 1-septate, grey-green to brown, 
ellipsoid, 11—15(—23) x 5-7.5(—10) pm, not constricted at the septum, spore wall of uniform thickness; outer 
spore-wall finely ornamented. Pycnidia not seen. 

Chemistry: Thallus and medulla K+ yellow then red, P+ yellow-orange, C-, UV-; containing atranorin 
(major), norstictic acid (major), connorstictic acid (minor). 

Cratiria burleighensis is characterized by the smooth, dull, cracked-areolate, off-white to pale whitish grey 
thallus, immersed apothecia, inspersed lower hymenium and hypothecium, ellipsoid ascospores and the 
presence of atranorin and norstictic acid. The thallus and apothecial anatomy of this new species closely 

Fig-1. Cratiria burleighensis (holotype). Scale: 1 mm. 
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resembles that of C. vioxanthina (Elix) Kalb & Elix, but the apothecia of C. vioxanthina are broadly adnate to 
sessile rather than immersed, the medulla is non-amyloid, the proper exciple is black and concolorous with the 
disc, and it contains additional vioxanthin and demethylvioxanthin. 

Etymology: The epithet is derived from the type locality. 

Distribution and habitat: At present this new species is known only from the type collection. Associated 
species included Buellia mamillana (Tuck.) W.A.Weber, Parmotrema reticulatum (Taylor) M.Choisy, Pertusaria 
xanthoplaca Mull. Arg. and Pyxine cocoes (Sw.) Nyl. 

Cratiria streimannii Elix sp. nov. Fig 2 

MycoBank No.: MB 810122 

Similar to C. vioxanthina but differs in having immersed apothecia, larger ascospores and in containing stictic 
and cryptostictic acids. 

Type: Australia: Northern Territory: Darwin & Gulf (Chippendale 1972): Arnhem Land, 19 km ENE of Jabiru, 
12°37'S, 133°03'E, alt. 140 m, on shaded boulder in Calophyllum sil and Buchanania arhorescens dominated 
deep gorge, H. Streimann 42218,18 Apr 1989 (holotype: CANB; isotypes: B, ESS). 

Thallus crustose, continuous, to 10 cm wide, up to 0.3 mm thick; upper surface smooth to weakly verruculose, 
matt to slightly shiny, rimose-cracked, pale yellow-brown; prothallus not apparent; medulla white, lacking 
calcium oxalate (H SO -), I-; photobiont cells 8-14 pm diam. Apothecia 0.1-0.5 mm wide, scattered to 
crowded, immersed, rounded to irregular, rarely becoming adnate; disc dark brown to black, epruinose, weakly 
concave then plane; proper excipulum thick, prominent, persistent, in section 35-75 pm thick, outer zone 
dark brown, K+ yellow, N-, inner zone pale brown. Epihymenium 14-20 pm thick, brown to dark brown, K-, 
N-. Hypothecium 30-50 pm thick, brown to pale yellow-brown, K-. Hymenium 70-120 pm thick, colourless, 

inspersed with oil droplets; paraphyses 1-1.5 pm wide, simple to branched, capitate, with apices c. 3 pm wide, 
brown; asci of the Bacidia-type, 4-8 spored. Ascospores of the Buellia- or Crahna-type, 1-septate, brown, 
ellipsoid then broadly fusiform, 15-25 x 8-12 pm, ± constricted at the septum, spore wall of uniform thickness 
or often with apical thickenings; outer spore-wall finely ornamented. Pycnidia not seen. 

Fig. 2. Cratiria streimannii (holotype). Scale: 1 mm. 
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Chemistry: Thallus K+ pale yellow, P+ pale yellow, C-, UV-; medulla K+ dark yellow, P+ yellow-orange, 
C—, UV-; containing atranorin (major), stictic acid (major), cryptostictic acid (minor), ± norstictic acid 
(trace). 

Cratiria streimannii is characterized by the smooth to weakly verruculose, rimose, pale yellow-brown thallus, 
immersed apothecia, inspersed hymenium, ellipsoid then broadly fusiform ascospores with apical wall- 
thickenings and the presence of atranorin and stictic acid. The thallus and apothecial anatomy of this new 
species closely resembles that of C. vioxanthina (Elix) Kalb & Elix, but the apothecia of C. vioxanthina are 
larger (0.3-1 mm diam.), broadly andate to sessile rather than immersed, the ascospores are somewhat smaller, 
12-20 x 5-10 pm, and it contains atranorin, norstictic acid and vioxanthin. 

Etymology: The epithet honours the collecter, former friend and colleague, the late Heinar Streimann (CBG). 

Distribution and habitat: At present this new species is known only from the Northern Territory where it 
occurs on sandstone rocks. Associated species included Australiaena streimannii Matzer, H.Mayrhofer & Elix, 
Caloplaca leptozona (Nyl.) Zahlbr., Dimelaena elevata Elix, Kalb & Wippel, D. tennis (Miill.Arg.) H.Mayrhofer 

& Wippel, Diploschistes actinostomus (Pers.) Zahlbr., Lecanora austrosorediosa (Rambold) Lumbsch, Lepraria 
coriensis (Hue) Sipman,Parmotremapraesorediosum (Nyl.) Hale, Pertusaria remota A.W.Archer and Tephromela 
arafurensis Rambold. 

Specimens examined: Australia: Northern Territory: Darwin & Gulf: Umbrawarra Gorge, 22 km SW of Pine Creek, 

13°59'S, 131°41'E, alt. 220 m, on semi-exposed rock face on Melaleuca dominated creek side, H. Streimann 39508, 23 May 

1988 (CANB); type locality, on shaded rock face, H. Streimann 42250A, 18 April 1989 (CANB); Mt Brockman complex, 

15 km SSE of Jabiru airfield, 12°48'S, 132°56'E, alt. 230 m, on rock face in Allosyncarpia dominated vegetation amongst 

deeply dissected sandstone outcrops, H. Streimann 42278, 20 April 1989 (CANB). 

Cratiria verdonii Elix, sp. nov. Fig 3 

MycoBank No.: MB 810123 

Similar to Cratiria amphorea (Eckfeldt) Marbach but the ascospores are larger and it contains only atranorin 
and lacks norstictic acid. 

Type: Australia: Queensland: Darling Downs: Bunya Mountains State Forest, Nanango Road, 64 km NE of 
Dalby, 26°5T49"S, 151°38'51"E, alt. 670 m, on dead branch in mixed Eucalyptus-Araucaria forest, J.A. Elix 
37925, 7 May 2005 (holotype: CANB). 

Thallus crustose, whitish grey to greenish grey, continuous to verruculose, finely rimose to deeply cracked and 
areolate, 1-3 cm wide; prothallus dark brown to black or not apparent; medulla white, I-; photobiont cells 
8-13 pm diam. Apothecia 0.2-1.2 mm wide, immersed then broadly adnate to sessile, often crowded but rarely 
confluent; disc black, epruinose, concave at first then plane to weakly convex, ± tuberculate; proper margin 
distinct, persistent, thin or excluded in convex apothecia. Excipulum 40-60 pm thick, dark reddish brown to 
brown-black, slowly K+ yellow-orange, N-, paler brown within. Epihymenium 12-16 pm thick, olive-brown 
to dark brown, K-, N-. Hypothecium 100-125 pm thick, brown-black. Hymenium 75-150 pm thick, inspersed 

with oil droplets especially towards the base. Paraphyses c. 2 pm thick; apices 3-5 pm wide, with dark red- 
brown caps. Asci Bacidia-type, 8-spored or with fewer spores. Ascospores of the Buellia- or Crahria-type, dark 
grey-green to brown, 1-septate, ellipsoid then broadly fusiform, 16-23 x 8-14 pm, becoming constricted with 

age, with apical and medial wall thickenings; outer wall smooth to moderately ornamented. Pycnidia black, c. 
0.08 mm wide; conidia bacilliform, 4-6 x 1 pm. 

Chemistry: Thallus and medulla K+ pale yellow, P+ pale yellow, C-, UV-; containing atranorin (major). 

This species is characterized by the whitish, grey-white to grey thallus, asci with 8 or fewer spores, an inspersed 
lower hymenium, ellipsoid then broadly fusiform ascospores, 16-23 x 8-14 pm, becoming constricted with 

age, with apical wall thickenings and an ornamented outer spore wall and by the presence of atranorin. Cratiria 
amphorea is similar but has smaller ascospores (15-20 x 7-10 pm), and a hypothecium which reats K+ red 
with the formation of needle-like crystals due to the presence of norstictic and connorstictic acids in addition 
to atranorin. 

Etymology: The epithet honours the collecter, former friend and colleague, the late Douglas Verdon (CBG), 
who collected the first specimen of this species. 
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Distribution and habitat: This subtropical species occurs on bark and wood in montane forests in southern 
Queensland and northern New South Wales. Associated species included Diorygma rufopruinosum (A.W.Archer) 
Kalb, Staiger & Elix,Flavoparmelia succinprotocetrarica Elix & J.Johnst., Hypotrachyna heterochroa (Hale & Kurok.) 

Elix, Pertusaria commuta Miill.Arg., Parmotrema permutatum (Stirt.) Hale, Pyxine berteriana (Fee) Imshaug, 
Punctelia pseudo coralloidea (Gyeln.) Elix & Kantvilas, Tephromela alectoronica Kalb and T. bunyana Kalb & Elix. 

Specimens examined: Australia: Queensland: Darling Downs: Bunya Mountains State Forest, 46 km S of Kingaroy, 

26°48'13"S, 151°33'44"E, alt. 765 m, on dead wood in mixed Eucalyptus-Araucaria forest, J.A. Elix 38639, 7 May 2005 

(CANB). New South Wales: North Coast (Jacobs and Pickard 1981): Mount Boss State Forest, Cockerawombeeba Creek, 

46 km NW of Wauchope, 31°15'S, 152°20'E, alt. 700 m, on branches of Sloanea in Geissosis benthamii-Sloanea australis 

closed forest, D. Verdon 4073, 21 October 1978 (CANB). 

Fig. 3. Cratiria verdonii (holotype). Scale: 1 mm. 

Status of Buellia subtropica 

This taxon is characterized by a whitish to grey-white or grey thallus, the 8-spored asci, an hymenium which 
may be sparsely or densely inspersed with oil droplets, an epihymenium reacting K+ dark brown, medium 

sized, ellipsoid to broadly fusiform, 1-septate, Buellia- or Cratiria-type ascospores with weak subapical and 
apical wall-thickenings and an ornamented outer wall, short bacilliform conidia 3-5 pm long, and by the 
presence of atranorin, hafellic acid, ± norstictic and connorstictic acids. Several other species of Cratiria, namely 
C. lauricassiae (Fee) Marbach and C. vioxanthina (Elix) Kalb & Elix have hymenia which are sometimes 
inspersed and sometimes not so. The short, bacilliform conidia, the ± inspersed hymenium and the broadly 
fusiform ascospores with apical wall-thickenings indicated that this taxon is better accommodated in the 
genus Cratiria. 
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Cratiria subtropica (Elix) Elix comb. nov. 

MycoBank No.: MB 810124 

Basionym: Hafellia subtropica Elix, in J.A.Elix & P.M.McCarthy, Australasian Lichenology 62: 20 (2008) 

Buellia subtropica (Elix) Elix, Flora of Australia 57: 660 (2009) 

Type: Australia. New South Wales, Mann River Nature Reserve, Diehard Creek, 50 km E of Glen Innes, 
29°40'29"S, 152°05'19"E, alt. 595 m, on Allocasuarina in Aliocasurina-Eucalyptus woodland along stream,/.A. 
Elix 37066,1 May 2005 (holotype: CANB). 

This species occurs in two distinct chemical races: race 1 - containing atranorin and hafellic acid and race 2 - 
the type race, containing atranorin, hafellic acid, norstictic and connorstictic acids. This endemic species was 
previously known from coastal areas of central and northern New South Wales (Elix 2009; McCarthy 2014) 
and is here reported as new to Queensland. 

Specimens examined: Queensland: Darling Downs: Bunya Mountains State Forest, Nanango Road, 64 km NE of Dalby, 

26°51'49"S, 151°38'51"E, alt. 670 m, on twigs of shrub in mixed Eucalyptus-Araucaria woodland, JA. Elix 37958, 7 May 

2005 (CANB); Moreton: Coochiemudlo Island, Moreton Bay, 27°34'S, 153°20"E, sea level, on Callitris columellaris in open 

woodland, JA. Elix 10430, 5 October 1982 (CANB). 

New record for Australia 

Cratiria amphorea (Eckfeldt) Marbach, Bibliotheca Lichenologica 74:172 (2000) 

This species was known previously from China, Central and South America (Marbach 2000). It is characterized 
by a whitish to grey or pale yellow-brown, verrucose crustose thallus which reacts K+ red (indicating the 
presence of norstictic and connorstictic acids), black, epruinose discs, a densely inspersed hymenium, Cratiria- 
type ascospores 15-20 x 7-10 pm with apical wall-thickenings and a strongly ornamented outer spore wall, 
and an excipulum which reacts K+ red with the formation of needle-like crystals, and short, bacilliform 
conidia, 4.5-5.5 x 1-1.2 pm. A detailed description is given in Marbach (2000). 

Specimens examined: Queensland: Cook: Zillie Falls, 12 km by road NE of Millaa Millaa, 17°28'29"S, 145°39'22"E, alt. 

705 m, on fallen tree in remnant rainforest, JA. Elix 39505, 29 Aug 2006 (CANB); Leichhardt: Capricorn Highway, 19 km 

ESE of Duaringa, 23°46'S, 149°57'E, alt. 100 m, on canopy branches in low monsoon scrub dominated by Brachychiton 

and Lysiphyllum, J.A. Elix 34436, 22 Aug 1993 (CANB); Burnett: Hurdle Gully, Coominglah State Forest, 14 km WNW of 

Monto, 24°54'S, 147°01'E, alt. 310 m, on canopy branches in monsoon forest with dense shrubby understorey, J.A. Elix 

35464, 3 Sep 1993 (CANB). New South Wales: North Coast: Cottan-Bimbang National Park, Stockyard Creek, c. 83 km 

E of Walcha, 31°24'10"S, 152°07'25"E, alt. 685 m, on Acacia in wet Eucalyptus forest, J.A. Elix 43079, 6 Aug 2008 (CANB). 

New Records for New South Wales 

Cratiria lauricassiae (Fee) Marbach, Bibliotheca Lichenologica 74:160 (2000) 

In Australia this species is known from Western Australia, Northern Territory and Queensland, (McCarthy 
2014). It also known from Asia, Papua New Guinea, New Caledonia, Vanuatu, North, Central and South 
America. 

Specimens examined: Australia: New South Wales: North Western Slopes: function of Pillaga Forest Way and Reedy Creek 

Road, 37 W of Newell Highway, 30°32'18"S, 149°35'36"E, alt. 250 m, on Allocasuarina in Eucalyptus-Callitris-Allocasuarina 

woodland, J.A. Elix 45353, 45362, 11 May 2005 (CANB); Lord Howe Island: junction of tracks to Mutton Bird Point and 

Intermediate Hill, 31°33'20"S, 159°03'33"E, alt. 35 m, on dead palm in dry lowland forest, J.A. Elix 32744A, 21 fune 1992 

(CANB); Neds Beach Road to Malabar Hill Track, 31°31'16"S, 159°03'50"E, alt. 10 m, on crown of Cryptocarya in lowland 

forest, J.A. Elix 32874, 32880, 22 fune 1992 (B, CANB). 

Cratiria obscurior (Stirt.) Marbach & Kalb, Bibliotheca Lichenologica 74: 196 (2000) 

In Australia this species was previously known from the Northern Territory and Queensland (Elix 2011) but 
also occurs in Africa, Asia, Hawaiian Islands, Central and South America (Marbach 2000). It is characterized 
by the white to grey thallus, the black epruinose discs, the 1-septate ascospores, with distinct apical and medial 
wall thickenings, 12-19 x 6-8 pm, the inspersed paraphyses and by the presence of atranorin and norstictic 
acid. 
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Specimens examined: Australia: New South Wales: Northern Tablelands: Stroud-Gloucester Road, 37 km S of Gloucester, 

32°20'S, 151°55'E, alt. 80 m, on stem of spreading Ficus in dry sclerophyll forest on steep rocky westerly slope, H. Streimann 

43954, 22 Apr 1990 (CANB). 

Key to Cratiria in Australia 

1 Thallus saxicolous .2 

1: Thallus corticolous or lignicolous.4 

2 Thallus K+ yellow; stictic acid present.C. streimannii 

2: Thallus K+ red; norstictic acid present.3 

3 Apothecia sessile or broadly adnate; medulla I-; vioxanthin present . C. vioxanthina 

3: Apothecia immersed; medulla 1+ blue-violet; vioxanthin absent.C. burleighensis 

4 Ascospores 3-septate.C. lauricassiae 

4: Ascospores 1-septate.5 

5 Thallus K+ red, C-; norstictic acid present. 6 

5: Thallus K- or K+ yellow; norstictic acid absent. 10 

6 Hymenium inspersed with oil droplets .7 

6: Hymenium not inspersed with oil droplets.8 

7 Ascospores 16-23 x 8-14 pm; hafellic acid present .C. subtropica 

7: Ascospores 15-20 x 7-10 pm; hafellic acid absent. C. amphorea 

8 Ascospores with strong apical wall-thickenings; paraphyses inspersed . C. obscurior 

8: Ascospores with weak apical wall thickenings; paraphyses not inspersed .9 

9 Disc black; ascospores 17-25 x 8-14 pm.C. americana 

9: Disc red or reddish; ascospores 17-21 x 6-8 pm.C. rutilantoides 

10 Thallus UV + orange; xanthones present .11 

10: Thallus UV-; xanthones absent. 12 

11 Excipulum K-.C. melanochlora 

11: Excipulum K+ orange-red or red.C. aggrediens 

12 Medulla KC-; hafellic acid absent .C. verdonii 

12: Medulla KC+ rose; hafellic acid present . C. subtropica 
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Abstract 

Results from recent molecular systematics have indicated that Logania R.Br. in its current circumscription is polyphyletic, 

with each of its two constituent sections, Logania sect. Logania and L. sect. Stomandra, representing distinct monophyletic 

clades. Logania sect. Stomandra is here raised to generic status as Orianthera C.S.RFoster & B.J.Conn since the name 

Stomandra has already been applied to a genus in Rubiaceae. Orianthera differs from Logania sensu stricto based on the 

place of insertion of the stamens (in the sinus between the corolla lobes in Orianthera; in the middle of the corolla tube 

in Logania); the anthers being exserted from the corolla mouth in Orianthera (anthers included in Logania); the shape 

of the apex of each calyx lobe (acute to tapering, with membranous margin in Orianthera; obtuse in Logania, without 

membranous margin); and the sexuality of flowers (bisexual in Orianthera; unisexual in Logania). A key to genera in the 

tribe Loganieae is provided and 13 species (all new combinations) are enumerated for Orianthera. 

Introduction 

Logania R.Br. (Loganiaceae), first described by Robert Brown (1810, p. 454), is endemic to Australia following 
the recent transfer of the only extant non-Australian species, L. imbricata (Guillaumin) Steenis & Leenh. 
(Leenhouts and Steenis 1962, p. 440), to Geniostoma J.R.Forst. & G.Forst. (Forster and Forster 1776, p. 23) 
(Foster and Conn 2013). The genus comprises herbs, undershrubs, shrubs and small trees, and can be found 
in a range of habitats, both mesic and semi-arid (Conn 1994,1995). As currently recognised, Logania consists 

of 35 species (Foster et al. 2014). When first published, the name Logania was illegitimate because Brown 
described Logania based on the type species of Euosma Andrews (Andrews 1808, p. 520). This began a long and 
complicated taxonomic history of the genus, although the name Logania was subsequently conserved (Greuter 
et al. 1988). 

In describing the genus, Brown recognised two informal assemblages: 7 [unnamed]’ and 71 Stomandra’. 
He subdivided his group I into two subgroups, ‘A. Logania verae and ‘B. Euosma. ‘A Logania verae contained 
five species, L. crassifolia R.Br., L. elliptica R.Br. [= L. ovata R.Br.], L. latifolia R.Br. [= L. vaginalis (Labill.) 

F.Muell.], L. ovata R.Br., and L. longifolia R.Br. [= L. vaginalis], whereas his ‘B. Euosma contained three species, 
L. fasciculata R.Br., L. floribunda R.Br. [= L. albiflora (Andrews and Jacks.) Druce] and L. revoluta R.Br. 
[= L. albiflora]. However, since he placed the type species, L. floribunda, within his subgroup ‘B. Euosma\ the 
name for group ‘A. Logania verae (= true Logania), was rendered invalid. Brown allocated three species to 
group 77 Stomandra’: L. serpyllifolia R.Br., L. pusilla R.Br. and L. campanulata R.Br. Augustin de Candolle 
(1845) accepted Brown’s infrageneric concept and formally recognised the subgroups as sections by allocating 

© 2014 Royal Botanic Gardens and Domain Trust 
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‘A. Logania verae and ‘B. Euosma to section Eulogania (= section Logania) and recognising the subgroup 
7J Stomandra’ as L. sect. Stomandra R.Br. ex DC. This sectional classification has been followed by subsequent 
authors (e.g. Bentham 1869; Conn 1994,1995). 

Despite the consistent recognition of the morphological differences between the two sections of Logania, a 
recent study using nucleotide sequence data indicated that Logania is polyphyletic (Fig. 1) (Foster et al. 2014). 
Maintaining Logania as currently circumscribed would require Geniostoma and Mitreola L. (Linnaeus 1758, 
p. 214) to be included in a more broadly defined Logania because of their phylogenetic placement (Foster et 
al., 2014). Due to the morphological synapomorphies that define each of these groups (Fig. 2), we consider the 
two sections of Logania to be best recognised as distinct genera. The sectional name, Stomandra, is unavailable 
as a generic name because it has previously been used in Rubiaceae as Stomandra Standi. (Standley 1947), now 
regarded as a synonym of Rustia (Standi.) Lorenze. Hence, we propose Orianthera as the new generic name for 
this clade (refer ‘Etymology’ below). 

L. tortuosa 
L. biloba 
L. flaviflora 
L. spermacocea 
L. centra lis 
L judithiana 
L. nuda 
L. serpyllifolia subsp. serpyllifolia 
L. serpyllifolia subsp. angustifolia 
L. pusilla 
Mitreola sessilifolia 
Mitreola petiolata 

100 

L. granitica 
L. albiflora3 
L. albiflora2 
L. albiflora 
L. albiflora 1 
L. micrantha 
L. archeri 
L. linifolia 
L. cordifolia 
L. diffusa 
L. fasciculata 
L. buxifolia 
L. crassifolia 
L. ovata 
L. saxatilis 
L. vaginalis 
L. litoral is 

Mitrasacme / Phyllangium 
/ Schizacme / Aaelphacme 

20.0 myr 

Strychnos lucida 
Strychnos psilosperma 
Neuburgia celebica 
Spigelia anthelmia 
Nerlum oleander 
Antirrhinum majus 
Aucuba japonica 
Dicentra sp. 

Outgroup 

Fig. 1. Phylogenetic relationships of Logania. The maximum-clade-credibility tree, based on petD and rpsl6 molecular 

markers, was obtained from a Bayesian phylogenetic analysis and is proportional to time. The abbreviation L. = Logania; 

red branches = Logania sect. Stomandra (here treated as Orianthera); blue branches = Logania sect. Logania (Logania s. 

str.). Bold branches have >0.95 posterior probability support, and nodes are labelled with support values when maximum- 

likelihood bootstrap percentages are >80%. Note that Logania, as currently classified, is polyphyletic, necessitating L. sect. 

Stomandra being recognised at genus level as Orianthera. Modified from Foster et al. (2014). 
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The necessary nomenclatural changes for transferring species of Logania sect. Stomandra DC. to the new genus 
Orianthera are made here. These changes are based on the strongly supported results of Bayesian, maximum- 
likelihood and maximum-parsimony analyses of thepefD and rpsl6 chloroplast molecular markers of 54 taxa 
representing the Loganieae ingroup, including 15 of the 22 L. sect. Logania species, and 10 of the 13 L. sect. 
Stomandra taxa, plus an additional eight outgroup taxa (Foster et al. 2014). 

Fig. 2 . The morphological characters used to distinguish between Logania sensu stricto and Orianthera. a. Logania albiflora 

showing open corolla, with included anthers and their insertion in the middle of the corolla tube, typical of Logania sensu 

stricto; b. Orianthera nuda showing open corolla, with exserted anthers inserted in the sinus between the corolla lobes, 

typical of Orianthera; c. Logania vaginalis fruiting capsule showing the obtuse or rounded calyx lobes, typical of Logania 

sensu stricto; d. Orianthera biloba flower showing prophylls, calyx, corolla and exserted stamens, particularly showing 

membranous margin of calyx lobes; e. Orianthera spermacocea showing open calyx with acute membranous lobes, typical 

of Orianthera. Scale bars = 5 mm. Illustrations: a, c sourced from fig. 1 (p. 642) and fig. 23 (p. 664) of Conn (1995) 

Australian Systematic Botany 8: 585-665 (originally drawn by Marion Westmacott, then NSW); b, d, e sourced from 

fig. 1 (p. 662) and fig. 4 (p. 678) of Conn (1994) Telopea 5: 657-692 (originally drawn by David Mackay, then NSW). All 

illustrations are reproduced with permission. 

Morphological synapomorphies for Logania and Orianthera 

Species of Logania sensu stricto and Orianthera differ by several morphological characters (illustrated in Fig. 2). 
The differences regarded as morphological synapomorphies of these two closely related genera are summarised 
in Table 1. Conn (1994) also summarised these morphological differences in his key to the sections of Logania, 
here treated as the genera Logania s.s. and Orianthera. Descriptions of the re-circumscribed genera Logania 
and Orianthera are presented below. 

Table 1. Morphological synapomorphies of Logania and Orianthera 

Character Logania Orianthera 

Point of insertion of stamens middle of corolla tube mouth of corolla tube 

Position of anthers relative to corolla 

Shape of apex of calyx lobes 

Margin of calyx lobes 

Flower sexuality 

included 

obtuse 

not membranous 

exserted 

acute; with lobes tapering 

membranous 

unisexual bisexual 
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Taxonomic treatment 

All taxa currently classified as belonging to Logania sect. Stomandra are here formally transferred to Orianthera, 
listed in alphabetical order (see below). All sister relationships noted below are based on the analysis of molecular 
data by Foster et al. (2014). The combinations of O. callosa, O. campanulata, O. exilis and O. wendyae are made 
solely on the basis of morphological data, but the presence of morphological synapomorphies supports their 
transfer to Orianthera. For a detailed discussion of morphology of Orianthera (as Logania sect. Stomandra) 
and Logania see Conn (1994, 1995), the studies on which our descriptions and definitions of morphological 
characters are based. 

Orianthera C.S.P.Foster & B.J.Conn, gen. nov. 

Logania sect. Stomandra R.Br. ex DC. Prodromus 9: 26 (1845). For typification and other literature refer Conn 
(1994). 

Type: Orianthera campanulata (R.Br.) C.S.RFoster & B.J.Conn, comb. nov. 

Logania campanulata R.Br. Prodromus 456 (1810). 

Diagnosis: Orianthera differs from Logania sensu stricto by having: the stamens inserted in the sinus between 
the corolla lobes (stamens inserted in the middle of the corolla tube in Logania); anthers exserted from the 
corolla mouth (anthers included in Logania); an acute to tapering calyx lobe apex, with margin membranous 
(obtuse in Logania, with margin not membranous); and by having bisexual flowers (unisexual in Logania). 

Description: Herbs or small shrubs. Leaves opposite, sometimes greatly reduced and hence appearing bract- 
to scale-like, petiolate or sessile; stipules interpetiolar, membranous; margin entire. Inflorescences terminal, 
often appearing axillary when developing from short lateral shoots, monadic or appearing in 2-15-flowered 

variously reduced dichasial or modified botryoidal clusters. Flowers bisexual, hypogynous; calyx, corolla 
and androecium 5-merous; calyx deeply divided, with lobes acute to tapering at apex; margin membranous, 
ciliate; corolla sympetalous, campanulate, white or yellow; lobes imbricate in bud, spreading, entire, rounded 
to almost obtuse at apex; stamens inserted in or near sinus between corolla lobes and hence exserted beyond 
tube, but not exceeding corolla lobes in length; staminal filaments usually shorter than anther locules; anthers 
orbicular to narrowly obloid. Ovaries bicarpellate, syncarpellate, ovoid to subglobular, 2-loculate, with up to 
c. 10 ovules in eachlocule; styles robust (thick), included or exserted beyond the corolla tube; stigmas subglobose 
(capitate) or obloid, undivided or bilobed. Fruit a septicidal capsule, subglobose or ellipsoid, with two carpels 
almost completely separating from apex to base when dehisced, with apex apiculate; valves coriaceous, usually 
black, woody; seeds ± ellipsoid, brown, almost smooth to papillate; embryo cylindrical; endosperm starchy. 

Distribution: Orianthera comprises 13 species, all endemic to Australia. All species are confined to south¬ 
western Western Australia, with the exception of O. pusilla (which occurs only in eastern Australia), O. centralis 
(confined to drier regions of Western Australia and Northern Territory), and O. nuda (which occurs in the 

drier regions of Western Australia, South Australia, New South Wales and Victoria). 

Nomenclatural note: Conn (1994) treated the authority of L. sect. Stomandra as ‘(R.Br.) DC.’ However, he also 
acknowledged that “De Candolle is credited with formally recognising the ‘Stomandra’ group (sensu Brown) 
as Section Stomandra.” (Conn 1994, p. 659). Therefore, we conclude that Browns informal group ‘Logania II 
Stomandra’ should be regarded as only a taxonomic concept that was formalised by de Candolle (as cSectio II. 
Stomandra’). 

Etymology: Orianthera is a conjugation of the Latin os (mouth) and anthera (anthers), and refers to the 
characteristic insertion of the anthers in the sinus between the corolla lobes of all species of this genus, and 
morphologically distinguishes it from Logania s. str. This generic name also preserves the meaning of the 
sectional name Stomandra. 

1. Orianthera hiloba (B.J.Conn) C.S.RFoster & B.J.Conn, comb. nov. 

Basionym: Logania biloba B.J.Conn Telopea 5: 663 (1994). 

Type: AUSTRALIA. Western Australia: Irwin: 35 km by road (c. N) from turnoff to Kalbarri on the North 

West Coastal Highway, 25 Sep 1974, G. Perry 285 (holo: PERTH1657720 - lower specimen); iso: MEL, NSW, 
PERTH 1657712,1657720 (upper right specimen), 1657798,1657801,1657828. 
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Notes: This species is morphologically most similar in appearance to O. flaviflora, but differs in several floral 
characteristics. Orianthera biloba has a short stigma (1-1.3 mm long cf. (1.2-)1.6-3.4 mm long in O. flaviflora) 
that is deeply bilobed. Orianthera biloba generally has a shorter corolla than O. flaviflora. The inner surfaces 

of the corolla lobes are densely papillose in O. biloba, whereas in O. flaviflora they are sparsely to densely hairy 
basally, or sometimes the hairs are restricted to a narrow arching band. Molecular data demonstrated a sister 
relationship with O. tortuosa, but the latter is readily distinguished by its bract-like leaves (0.4-0.5 mm long) 
and tortuous branches (in O. biloba the leaves are 4.8-7.3 mm long and branches are straight). 

2. Orianthera callosa (F. Muell.) C.S.P.Foster & B.J.Conn, comb. nov. 

Basionym: Logania callosa F.Muell., Fragmenta 6(45): 134 (1868). 

Lectotype (designated by Conn 1994): AUSTRALIA. Western Australia: ‘W.A.’ [‘In Australia occidentalF 

(Protologue)], Drummond s.n. (MEL866). 

Notes: The morphological similarity of O. callosa to the other species in this study suggests its placement in 
Orianthera is justified. Orianthera callosa is morphologically most similar to Orianthera campanulata. Both 
species have crinkly hairs near the base of the inner surface of the corolla lobes; however, in O. callosa these 
hairs are arranged in a narrow arching band (hairs not arranged in an arching band in O. campanulata). 
In O. campanulata, the outer surface of the corolla is sparsely to moderately hairy, whereas it is glabrous in 
O. callosa except for a few hairs on the margin at the base of the lobes. The inflorescences of O. callosa are 
usually 1-flowered, rarely 3-flowered (cf. (1 or)2-15-flowered inflorescences of O. campanulata). Orianthera 
callosa is usually a smaller plant than O. campanulata. Both species have the leaves crowded along the distal end 
of branches, but the internodes of O. callosa are usually not visible, whereas the internodes are usually visible 
in O. campanulata. 

3. Orianthera campanulata (R.Br.) C.S.P.Foster & B.J.Conn, comb. nov. 

Basionym: Logania campanulata R.Br. Prodromus 456 (1810). 

Lectotype (designated by Conn 1994): AUSTRALIA. Western Australia: Darling: ‘King George Ill’s Sound’, 
[?19] Dec 1901, R. Brown s.n. [Bennett 2912) (BM - left specimen); isolecto: BM (central and upper right 
specimens). 

Notes: This species is morphologically most similar to Orianthera callosa. Orianthera campanulata differs from 
O. callosa based on its larger size, the arrangement of its crinkled hairs in the corolla tube, its many-flowered 
inflorescences (cf. 1-flowered, rarely 3-flowered, inflorescences in O. callosa), and its visible internodes on 
branches (not easily visible in O. callosa). 

4. Orianthera centralis (B.J.Conn) C.S.P.Foster & B.J.Conn, comb. nov. 

Basionym: Logania centralis B.J.Conn Telopea 5: 674 (1994). 

Type: AUSTRALIA. Northern Territory: Central South: Approx. 10 km SE of Tarn ofAuber, Mereenie oilfields, 
16 Oct 1984, Latz 10008 (holo: PERTH1690434 - lower specimen); iso: CANB, DNA, PERTH1690434 (upper 
specimen). 

Notes: Orianthera centralis is most similar in appearance to O. nuda. Both species are erect, compact undershrubs 
that have greatly reduced leaves, such that the plants appear leafless. The inflorescences are similar in both 
species, appearing to be axillary but occurring on short lateral axes. The corolla lobes are similar in shape and 
size for both species. However, O. centralis has moderately hairy branches (glabrous and minutely papillose 
in O. nuda), moderately hairy lamina with stiff bristle-like hairs (glabrous in O. nuda), a shorter pedicel 
(0.4-0.7 mm long in O. centralis, cf. 1-1.7 mm long in O. nuda), a slightly longer calyx (2-2.5 mm 
long in O. centralis, cf. 1.5-2 mm long for O. nuda), a shorter corolla (2.5-3 mm long in O. centralis, 
cf. (1.5-)4-5.5 mm long in O. nuda), and in particular a shorter corolla tube (1-1.5 mm long in O. centralis, 
cf. (1.5-)2.5-3.5 mm long in O. nuda). Molecular data suggest that O. centralis is nested within the majority 
of the Western Australian species of Orianthera and is sister to O. spermacocea, O. flaviflora, O. biloba and 
O. tortuosa. 

5. Orianthera exilis (B.J.Conn) C.S.P.Foster & B.J.Conn, comb. nov. 

Basionym: Logania exilis B.J.Conn Telopea 5: 685 (1994). 

Type: AUSTRALIA. Western Australia: Roe: c. 95 km SE of Southern Cross, 14 March 1978, George 15099 
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(holo: PERTH1287028); iso: MEL, NSW274535. 

Notes: This species is morphologically most similar to O. judithiana. However, O. exilis is less robust, with 
thinner branches (branches 1.1-1.5(-2.1) mm in diameter (average 1.4 mm), cf. branches (2-)2.5-3.8(-4) mm 
in diameter (average 3.1 mm) in O. judithiana). Orianthera exilis has shorter stipules (c. 0.3 mm long) than 
O. judithiana (0.6-0.8 mm long). The membranous margin of the calyx lobes of O. exilis are 0.1-0.2 mm wide, 
whereas they are c. 5 mm wide in O. judithiana. 

6. Orianthera flaviflora (F.Muell.) C.S.P.Foster & B.J.Conn, comb. nov. 

Basionym: Logania flaviflora F.Muell. Victorian Naturalist 5: 175 (1889). 

Lectotype (designated by Conn 1994): AUSTRALIA. Western Australia: Darling: ‘Sources of Swan River’, anno 

1888, Merrall s.n., (MEL501227 - lower right specimen); isolecto: MEL501227 (upper and left specimen). 

Notes: This species is most similar in appearance to O. biloba (see notes for O. biloba above), and molecular 
data suggest that O. flaviflora is sister to O. biloba and O. tortuosa. 

7. Orianthera judithiana (B.J.Conn) C.S.P.Foster & B.J.Conn, comb. nov. 

Basionym: Logania judithiana B.J.Conn Telopea 5: 683 (1994). 

Type: AUSTRALIA. Western Australia: Roe: 39.5 km E of Hyden on the Hyden - Norseman Road, 3 Oct 1989, 
Conn 3307 & Scott (holo: NSW225532); iso: AD, MEL, PERTH, RSA. 

Notes: Orianthera judithiana is morphologically most similar to O. exilis, with some similarities to O. tortuosa 
(see notes for O. exilis and O. tortuosa). Molecular data indicate a sister relationship to O. biloba, O. centralis, 
O. flaviflora, O. spermacocea and O. tortuosa. 

8. Orianthera nuda (F.Muell.) C.S.P.Foster 8c B.J.Conn, comb. nov. 

Basionym: Logania nuda F.Muell. Fragmenta 1:131 (1868). 

Lectotype (designated by Conn 1994): AUSTRALIA. New South Wales: South Far Western Plains: ‘sand 

ridge, Kulkyne’ (in Dallachy’s hand), ‘In collibus arenosis prope Kulkyne ad flumen Murray’ - quotation 
from protologue (not in Dallachy’s hand), [1858 (not in Dallachy’s hand)], Dallachy s.n. (MEL501233 - left 
specimen); isolecto: MEL501233 (right hand specimen). 

Notes: Orianthera nuda is morphologically most similar to O. centralis (see notes section below O. centralis). 
With the exception of O. serpyllifolia, O. nuda is sister to all Western Australian species sampled (Foster et al. 
2014). 

9. Orianthera pusilla (R.Br.) C.S.P.Foster 8c B.J.Conn, comb. nov. 

Basionym: Logania pusilla R.Br. Prodromus 456 (1810). 

Lectotype (designated by Conn 1994): AUSTRALIA. New South Wales: Central Coast: Port Jackson, R. Brown 
s.n. [Bennett 2911], (BM - lower left specimen); isolecto: BM (lower centre and right specimens, all except for 
left specimen); MEL501234. 

Notes: Molecular data support a sister relationship between O. pusilla and O. serpyllifolia, which is congruent 
with the close morphological similarity described by Conn (1994). The two species can be distinguished 
by several morphological features. Orianthera pusilla is glabrous, whereas O. serpyllifolia is rarely glabrous, 
instead usually being sparsely to moderately hairy. The leaves of O. pusilla are petiolate, with petiole 
1-3 mm long, whereas the leaves of O. serpyllifolia are subsessile to shortly petiolate (petiole 0.1-0.8 mm long in 
O. serpyllifolia subsp. serpyllifolia, (0.2-)0.5-2.5 mm long in O. serpyllifolia subsp. angustifolia). In O. pusilla the 
leaf lamina is narrowly elliptic to narrowly ovate or oblong, whereas the lamina of O. serpyllifolia is variously 
ovate. The corolla tube of O. pusilla is 3-4.8 mm long, whereas in O. serpyllifolia it is only 1.6-2.9 mm long. 
In O. pusilla the ovary and style are glabrous, whereas in O. serpyllifolia the style and ovary are sparsely to 
moderately covered in glandular hairs. 

10. Orianthera serpyllifolia (R.Br.) C.S.P.Foster & B.J.Conn, comb. nov. 

Basionym: Logania serpyllifolia R.Br. Prodromus 456 (1810). 

Lectotype (designated by Conn 1994): AUSTRALIA. Western Australia: ‘King George’s III Sound’, anno 1802- 
5, Brown s.n. (BM); isolecto: MEL501235. 
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Notes: Molecular data support a sister relationship between O. serpyllifolia is and O. pusilla. This is congruent 
with the morphological similarity described by Conn (1994) (see notes for O. pusilla). Orianthera serpyllifolia 
is also similar in appearance to O. wendyae (see notes for O. wendyae below and Cranfield and Keighery 2006). 

10a. Orianthera serpyllifolia (R.Br.) C.S.P.Foster & B.J.Conn subsp. serpyllifolia, 

Logania serpyllifolia R.Br. subsp. serpyllifolia 

10b. Orianthera serpyllifolia subsp. angustifolia (Benth.) C.S.RFoster & B.J.Conn, comb. nov. 

Basionym: Logania serpyllifolia R.Br. subsp. angustifolia (Benth.) B.J.Conn Telopea 5: 674 (1994). 

Lectotype (designated by Conn 1994): AUSTRALIA. Western Australia: Cape Leschenault, North of Bunbury, 
Oldfield 329 (MEL501239). 

11. Orianthera spermacocea (F.Muell.) C.S.RFoster & B.J.Conn, comb. nov. 

Basionym: Logania spermacocea F.Muell. Fragmenta 6: 134 (1868). 

Lectotype (designated by Conn 1994): AUSTRALIA. Western Australia: Irwin: Champion Bay, [Walcott &] 
Oldfield s.n. (MEL501241 - lower left specimen); isolecto: MEL501241 (upper two, lower centre and lower 

right specimens), MEL501242. 

Notes: This species is most similar in appearance to O. biloba and O. flaviflora. All three species have distinct 
leaves and branches that are more or less terete with many longitudinal furrows. Orianthera spermacocea can 
be distinguished from the latter two species by having long, patent spreading hairs on the branches (hairs 
0.1-0.5(-0.8) mm long), compared to the short, antrorse to retrorse hairs of O. biloba and O. flaviflora (hairs 
<0.1 (-0.2) mm long). Orianthera spermacocea can be distinguished from the latter two species by its white 

corolla, whereas the corolla is yellow in both O. flaviflora and O. biloba. Molecular data support O. spermacocea 
as being sister to O. flaviflora, O. biloba and O. tortuosa. 

12. Orianthera tortuosa (Herbert) C.S.P.Foster & B.J.Conn, comb. nov. 

Basionym: Logania tortuosa Herbert Journal of the Royal Society of Western Australia 8: 38 (1922). 

Lectotype (designated by Conn 1994): AUSTRALIA. Western Australia: Darling: Yoting, Flerbert & Wilson 162, 
Nov 1920 (MEL501246); isolecto: Wilson & Herbert [Herbert & Wilson] s.n. [162] (PERTH1599402). 

Notes: Orianthera tortuosa is most similar in appearance to Orianthera judithiana, but these two species can be 
readily distinguished by several morphological characters. The branches of O. tortuosa are irregularly turned 
to almost curled (tortuous), but O. judithiana has more or less erect, straight branches. The leaf lamina in 
O. tortuosa is 0.9-1.5 mm long, whereas those of O. judithiana are slightly longer (1.5-2 mm long). The 
inflorescence is metaxymonadic (1-flowered) in O. tortuosa, but dichasial and 3-7-flowered in O. judithiana. 
The smaller flowers (calyx 2.2-3 mm long, corolla 5-8(-9) mm long) are pleasantly aromatic in O. tortuosa, 
whereas the larger flowers (calyx 4.5-5 mm long, corolla (10—) 12—16(—18) mm long) of O. judithiana are 
strongly and unpleasantly aromatic. However, despite the close morphological affinity, molecular data indicate 
that O. tortuosa is sister to O. biloba. 

13. Orianthera wendyae (Cranfield & Keighery) C.S.P.Foster & B.J.Conn, comb. nov. 

Basionym: Logania wendyae Cranfield & Keighery Nuytsia 16: 11 & 12 (2006). 

Type: (Cranfield and Keighery 2006) AUSTRALIA. Western Australia: Dardanup forest block, 30 Oct 1996, 
G.J. Keighery 15011 (holo.: PERTH5121906 n.v.) 

Notes: This species is morphologically most similar to O. serpyllifolia subsp. angustifolia. Cranfield and Keighery 
(2006) proposed the following characteristics to distinguish between these two taxa: (1) Orianthera wendyae 
has long white hairs that mask the leaves (cf. sparsely hairy leaves of O. serpyllifolia subsp. angustifolia), and (2) 
“many of the [herbarium] specimens of L. serpyllifolia subspecies angustifolia examined have darkened almost 
to black, a feature common in Logania [here sensu lato]” (Cranfield and Keighery 2006, p. 12); a feature they 

have not observed in O. wendyae specimens. The taxonomic importance of the second feature is uncertain 
because it may be an artefact of the drying process of plant specimens. Furthermore, this change in colour 
occurs during the drying of many groups of plants, for example frequently in Geniostoma (Loganiaceae - B.J. 
Conn pers. obs.), also refer Nelson and Falshaw (1999). Since O. wendyae is known from only three collections 
across a small area, and O. serpyllifolia subsp. angustifolia is known to be phenotypically variable across its 
distribution (Conn 1994), O. wendyae may be more usefully treated as part of this variation. However, in the 
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absence of molecular data this taxon is maintained as a distinct species and is transferred to Orianthera. 

Logania R.Br. sensu stricto 

Logania R.Br. section Logania: DC. Prodromus 9: 26 ([January] 1845)(as ‘Sectio I. Eulogania ); c§. 2. Euosma 
Nees in Lehmann Plantae Preissianae 1: 367 ([August] 1845); 

[Logania] 7 Fructicossc’ [subgroup] ‘B. Euosma sensu R.Br. Prodromus 456 (1810). Based on Euosma albiflora 
Andrews & Jacks. [= Logania albiflora (Andrews & Jacks.) Druce] (as 7. floribunda’ R.Br. (1810, p. 456) 
[nom. illeg.]); [Logania] ‘ I Fructicosce’ [subgroup] ‘A. Logania vera\ sensu R.Br. Prodromus 455 (1810); Nees in 
Lehmann Plantae Preissianae 1: 366 ([August] 1845)(as £& 1. Logania vera). Based on Logania crassifolia, L. 
latifolia [= L. vaginalis], L. ovata and L. elliptica [= L. ovata]. 

Type: Logania albiflora (Andrews & Jacks.) Druce (typ. cons.). 

Description: Undershrubs, shrubs or small trees, dioecious. Leaves opposite, sessile, subsessile to petiolate; 
lamina narrow to broad, with margin entire; stipules interpetiolar, membranous. Inflorescence terminal, often 
appearing axillary when developing from short lateral shoots, variously cymose (botryoidal, metabotryoidal, 
thyrsoidal or paniculate), variously reduced or elaborated, 1-many-flowered. Flowers usually small, unisexual, 
hypogynous; calyx, corolla and androecium 5-merous. Calyx deeply divided, with lobes obtuse; ciliate. Corolla 
sympetalous, campanulate, white; lobes imbricate in bud, spreading, entire, rounded to almost obtuse at apex. 
Stamens inserted about halfway up corolla tube, included; staminal filaments much shorter or up to as long as 
anther locules; anthers orbicular to narrowly obloid. Ovary bicarpellate, syncarpellate, ovoid to subglobular, 
2-loculate, 1 to at least 10 ovules in each locule; style robust (thick), much shorter in female flowers compared 
to male flowers, included or exserted beyond the corolla tube; stigma large, ovoid to subglobular (capitate) in 
female flowers, variously reduced but particularly narrower and obloid in male flowers, undivided or bilobed. 
Fruit a septicidal capsule, subglobose or ellipsoid, with two carpels almost completely separating from apex 
to base when dehisced, with apex apiculate; valves coriaceous, usually black, woody; seeds ± ellipsoid, brown, 
with surface‘honey-combed’ (when dried); embryo cylindrical; endosperm starchy. 

1. 

1: 

2. 

2: 

3. 

3: 

4. 

4: 

5. 

5: 

6. 

6: 

Key to the genera of tribe Loganieae (Loganiaceae)1 

Llerbs or undershrubs. 2 

Shrubs, trees or woody climbers . 8 

Capsule without horns, not bilobed; Australia (not Tasmania), doubtfully New Zealand (extinct). 3 

Capsule two-horned (horns occasionally adherent along almost their entire length, appearing continuous 
with base of styles) or bilobed. 4 

Stamens inserted in middle of corolla tube, anthers included in corolla tube; apex of calyx lobes obtuse; 
flowers unisexual. Logania 

Stamens inserted in mouth of corolla tube, anthers exserted from corolla tube; apex of calyx lobes acute; 
flowers bisexual . Orianthera 

Calyx, corolla and androecium 4-merous, or calyx absent.5 

Calyx, corolla and androecium 5-merous. 7 

Calyx absent; corolla and capsule enclosed in a two-lobed foliaceous involucre; ovary semi-inferior; 
southern Australia (including Tasmania) . Phyllangium 

Calyx present, involucre absent; ovary superior. 6 

Calyx tube indistinct, up to 1 mm long; calyx lobes generally unequal; capsule laterally compressed, 
appearing broadly cuneiform in lateral view; placenta elongate, seeds few; Australia (Tasmania and alpine 
Victoria) and New Zealand2 . Schizacme 

Calyx tube distinct; calyx lobes equal; capsule generally globular, ovoid or ellipsoid; placenta hemispherical, 
seeds many; Southeast and East Asia, New Guinea, northern and eastern Australia (including Tasmania), 
New Caledonia . Mitrasacme 
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7. Leaves < 4 mm long; stipules arranged as a persistent membranous interfoliar sheath; corolla mouth 
glabrous or papillose; styles retained in fruit, connate at their apices (sometimes separating post-maturity); 
south-western Australia. Adelphacme 

7: Leaves at least 10 mm long (except M. sessilifolia (J.F.Gmel.) G.Don > 6 mm long and M. petiolatoides P.T.Li 
> 5 mm long); stipules well-developed (mostly triangular) or reduced to a stipular line; corolla mouth 
with penicillate ring of hairs; styles not persisting in fruit or stigmas free, subsessile; Americas, Africa, 
Madagascar, Southeast and East Asia, New Guinea, northern Australia. Mitreola 

8. Placenta fleshy, yellow to red (contrasting with colour of capsule), with seeds embedded; Mascarene Islands, 
Malesia, north-eastern Australia and Pacific . Geniostoma 

8: Placenta dry, green to pale brown (similar to colour of capsule), with seeds not embedded; Australia (not 
Tasmania), doubtfully New Zealand (extinct). 9 

9 Dioecious shrubs to trees or woody climbers; calyx obtuse; stamens inserted in middle of corolla tube, with 
anthers included within tube. Logattia 

9: Hermaphroditic undershrubs to shrubs, never trees or climbers; calyx lobes tapering, acute; stamens 
inserted in or near sinus between corolla tube, with anthers exserted beyond tube. Orianthera 

Modified from Gibbons et al. (2013) 

2Species congeneric with Schizacme are currently recognised under the name Mitrasacme in New Zealand (Gibbons pers. 

comm. July 2014). 
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Abstract 

As a result of our studies on the lichen family Megasporaceae, three species new to China, Aspicilia cupulifera (H.Magn.) 

Oxner, A. narssaquensis (Lynge) J.W.Thomson and Circinaria arida Owe-Larss., A.Nordin & Tibell are described and 

illustrated. 

Introduction 

The family Megasporaceae (Pertusariales, Lecanoromycetes, Ascomycota) originally contained only Megaspora 
(Clauzade & Cl.Roux) Hafellner & V.Wirth (Lumbsch et al. 1994). However, the circumscription of the family 

changed significantly with the application of molecular analyses. Consequently, Schmitt et al. (2006) transferred 
Aspicilia A.Massal. and Lohothallia (Clauzade & Cl.Roux) Hafellner from the Hymeneliaceae, while Nordin 
et al. (2010) returned Circinaria Link, and Sagedia Ach. to the Megasporaceae following an investigation of 
phylogenetic relationships. 

The cosmopolitan genus Aspicilia includes 200-250 species (Sohrabi et al. 2013), 43 species having previously 
been reported from China (Wei 1991; Abbas and Wu 1998; Li et al. 2013). In addition, eight of the 28 species of 
Circinaria (Nordin et al. 2010; Sohrabi et al. 2012; Sohrabi et al. 2013) are known from China (Wei 1991; Abbas 
and Wu 1998; Ye et al. 2009). During our studies of aspicilioid lichens, three species new to China, Aspicilia 
cupulifera, A. narssaquensis and Circinaria arida, have been identified. All the specimens studied were collected 
from the western part of Qilian Mountains between Gansu and Qinghai Provinces of northwestern China, in 
mostly typical arid and semi-arid areas. 

Materials and Methods 

The specimens studied are preserved in SDNU (Shandong Normal University). Morphological and anatomical 
characters were examined using a dissecting microscope (Olympus SZ51) and a compact light microscope 
(Olympus CX21). The thalline cortex and medulla were tested with K (10% aqueous solution of potassium 
hydroxide), C (saturated solution of aqueous sodium hypochlorite), I (10% aqueous solution of aqueous 
potassium iodide) and P (saturated solution of p-phenylenediamine in 95% ethanol). Lichen substances were 
determined by standardized thin layer chromatography techniques (TLC) with solvent C (Orange et al. 2001). 
Habit photographs were taken with an Olympus SZX16 stereomicroscope, and anatomy was studied with an 
Olympus BX61 compound microscope with DP72. 

© 2014 Royal Botanic Gardens and Domain Trust 
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The species 

Aspicilia cupulifera (H.Magn.) Oxner, Novosti Sistematiki Nizshikh Rastenii 9: 287 (1972) Fig. 1 

Thallus crustose, grey or grey-brown to brown; areoles contiguous, flat to slightly convex, angular or irregular, 
sometimes rounded, 0.2-1.5 mm in diam., rimose; prothallus brown-black to black; cortex 30-37.5 pm thick., 
with crystals; photobiont chlorococcoid, cells ± round, 7.5-12.5 pm in diam.; apothecia aspicilioid, usually 
solitary, rarely numerous, occasionally 1 or 2 (or 3) per areole, 0.2-0.8 mm in diam.; disc black, epruinose; 
thalline margin prominent, black, distinct, usually forming a black rim; exciple K+ yellow; epihymenium olive- 
brown to brown, K+ brown, N+ green; hymenium hyaline, 1+ blue, 125-150 pm tall; paraphyses submoniliform, 
richly branched and anastomosing; subhymenium and hypothecium colourless, 1+ blue, together 

50-75(-100) pm thick, algae not present below the hypothecium; asci clavate, Aspicilia-type, 8-spored; 
ascospores hyaline, simple, ellipsoid, (12.5-)15-20(-22.5) x (7.5-) 10-12.5(—15) pm; pycnidia immersed, 
black; conidia filiform, straight or curved, 12.5-22.5 x 0.8-1 pm. 

Chemistry: Cortex K+ yellow, C-, KC+ yellow, P-; medulla K+ yellow, C-, KC+ yellow, P+ orange, I-; containing 

stictic and substictic acids (TLC). 

Substrate and distribution: occurring on siliceous rock. Aspicilia cupulifera was previously known only from 
Finland (Magnusson 1939). 

Specimen examined: China: Qinghai: Qilian County, Mt Niuxin, alt. 3270 m, on rock, Z. S. Sun 20071591, 
11 Aug. 2007 (SDNU). 

Comments: Aspicilia cupulifera is characterized by its grey or grey-brown thallus and apothecia with a 
prominent thalline margin. Aspicilia subdepressa (Nyl.) Arnold (Li et al. 2013) is morphologically similar to 

A. cupulifera, but the latter has a K+ yellow exciple, richly branched paraphyses, and a thinner hymenium. 

Aspicilia narssaquensis (Lynge) J.W.Thomson, Bryologist 90(2): 163 (1987) Fig. 2 

Thallus crustose, yellowish cream, pale grey or bluish to bluish grey, radiate-lobate at the margin; areoles 
0.3-0.8 mm in diam., angular to irregular, or sometimes rounded, contiguous, flat to slight convex; prothallus 
indistinct; cortex 25-37.5 pm thick, with crystals; photobiont chlorococcoid, cells ± round, 7.5-15 pm in diam.; 
apothecia aspicilioid, 0.4-1.0 mm in diam., usually solitary, or 2 or 3 per areole, rounded or angular; disc black, 
concave or plane, usually epruinose, rarely with a thin, white pruina; thalline margin indistinct, concolorous 
with the thallus; epihymenium olive-brown to brown, K+ brown, N+ green; hymenium hyaline, 1+ blue, 

(100—) 112.5—125(—150) pm tall; paraphyses moniliform, slightly branched and anastomosing; subhymenium 

Fig. 1. Aspicilia cupulifera (Sun 20071591, SDNU). A, Thallus and apothecia; B, Conidia; C, Section of an 
apothecium; D, Ascus and ascospores after I treatment. Scale bars: A = 1 mm; B = 20 pm; C = 300 pm; 
D= 20 pm. 
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and hypothecium colourless, 1+ blue, together 37.5-62.5 (-100) pm thick, algae present below the hypothecium; 
asci clavate, Aspicilia-type, 8-spored; ascospores hyaline, simple, ellipsoid to subglobose, (10-)12.5-20(-22.5) 
x 7.5—10(—12.5) pm; pycnidia immersed, black; conidia filiform, 15-20 x 0.8-1 pm. 

Chemistry: Cortex K+ yellow, C-, KC+ yellow, P-; medulla K+ yellow, C-, KC+ yellow, P+ orange, I-; containing 
substictic acid (TLC). 

Substrate and distribution: Aspicilia narssaquensis grows on calciferous rock. It has previously been reported 
from Norway (0vstedal et al. 2009) and Arctic Canada and Greenland (Thomson 1997). 

Specimens examined: China: Gansu: Sunan Yugur Autonomous County, Mt Jingtie, Diaodaban, alt. 4010 m, 
on rock, F. M. Zhang2013320, Q. Ren 2013324,22 Jun. 2013 (SDNU); Aksai Kazakh Autonomous County, Mt 
Dangjin, alt. 3700 m, on rock, S. X. Li 2013083, 2013084,25 Jun. 2013 (SDNU). 

Comments: Aspicilia narssaquensis is characterized by a yellowish cream thallus, K+ yellow medulla and 
apothecia lack of prominent thalline margin. Aspicilia cupulifera is similar to A. narssaquensis in spore size, but 
the former is distinguished by its grey to brown thallus, apothecia with prominent thalline margin, and the 
presence of stictic acid in the thallus. 

Fig. 2 .Aspicilia narssaquensis (Zhang2013320, SDNU). A,Thallus; B, Apothecia; C, Section of an apothecium; 
D, Ascus and ascospores; E, Conidia. Scale bars: A = 2 mm; B = 1 mm; C = 200 pm; D, E = 20 pm. 

Circinaria arida Owe-Larss., A.Nordin & Tibell, Bibliotheca Lichenologica 106: 240 (2011) Fig. 3 

Thallus crustose, brown to olive-brown or grey-brown, areolate-verrucose, especially at the thallus margin; 
areoles contiguous and separated by narrow cracks, or sometimes ± dispersed, angular to sometimes rounded 
or irregular, flat to finally ± convex, 0.4-1 mm in diam.; prothallus rarely present, or indistinct, fimbriate or 
forming a narrow dark rim, brown or grey-brown to dark brown; cortex about 60-70 pm thick, with crystals, 

uppermost part dark brown, covered with an epinecral layer; photobiont chlorococcoid, cells ± round, 
12.5-20 pm in diam.; apothecia aspicilioid, 0.2-1 mm in diam., 1-3(or 4) per areole, angular or elongated 

to irregular, sometimes round; disc black, concave, usually with a thin, white pruina; thalline margin flat 
to slightly elevated, prominent in older apothecia, usually with a white to grey rim, concolorous with 
thallus or lighter; epihymenium brown or olive-brown, K+ brown, N+ green; hymenium hyaline, 1+ blue, 
100-162.5 pm high; paraphyses separating in KOH, moniliform, slightly branched and anastomosing; 

subhymenium and hypothecium colourless, 1+ blue, together 25-50 pm thick; algae not present below 
the hypothecium; asci clavate, Aspicilia-type, 2-4(-6)-sprored; ascospores hyaline, simple, subglobose to 
globose, (15-)17.5-25(-30) x (10-)12.5-20(-25) pm; pycnidia immersed, black; conidia filiform, straight, 
5-12.5 x 0.8-1 pm. 
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Fig. 3. Circinaria arida (Li 2013091, SDNU). A, Thallus; B, Apothecia; C, Section of an apothecium; D, Ascus 
and ascospores after I treatment; E, Conidia. Scale bars: A, B = 1 mm; C = 200 pm; D = 20 pm; E = 10 pm. 

Chemistry: Thallus K I C-, P -; usually with aspicilin, rarely lacking secondary metabolites. 

Substrate and distribution: Circinaria arida grows on calciferous and siliceous rocks. It has been reported 
from South-western U.S.A. and adjacent parts of Mexico (Owe-Larsson et al. 2011). 

Specimens examined: China: Gansu: Aksai Kazakh Autonomous County, Mt Dangjin, alt. 3700 m, on rock, S. X. Li 

2013091, Q. Ren 2013092, 25 Jun. 2013 (SDNU); Yumen City, Qingxi Oilfield, alt. 2560 m, on rock, Q. Ren 2013288, S.X. 

Li 2013289, 2013290, 23 Jun. 2013 (SDNU). Qinghai: Wulan County, Chahannuo, alt. 3330 m, on rock, Q. Ren 2013032, 

2013029, S.X. Li 2013028, 2013033,26 Jun. 2013 (SDNU). 

Comments: Circinaria arida is characterized by a brown to olive-brown or grey brown thallus, usually lacking 
a prothallus, with contiguous to dispersed areoles; numerous apothecia with pruinose discs; a thalline margin 
with a white rim; 2-6-spored asci; short conidia, and the presence of aspicilin. This species is similar to Aspicilia 
desertorum (Kremp.) Meresch. and Circinaria contorta (Hoffm.) A.Nordin, S.Savic & Tibell, but A. desertorum 
has a thick thallus with larger apothecia, and lacks aspicilin (Owe-Larsson et al. 2011), whereas C. contorta is 
distinguished by its white to grey or green-grey, rather thin thallus with ± dispersed, flat areoles (Ye et al. 2009). 
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Abstract 

The new species Thismia megalongensis (Thismiaceae) from New South Wales, Australia, is described, illustrated and 

compared with other Australian species. A key to Australian species of Thismia is included. Habitat details, conservation 

status, and phylogenetic affinities of the new species are discussed. 

Introduction 

Thismia Griffith is a genus comprising c. 50 species of small, achlorophyllous, myco-heterotrophic herbs 
mostly from tropical rainforest in America and Asia. 

Three species are currently described from temperate areas in the southern hemisphere, T. rodwayi F.Muell. 
and T. clavarioides K.Thiele & P.Jordan from south-eastern Australia and T. hillii (Cheeseman) N.Pfeiff. in 
New Zealand. Until recently the latter species was classified as T. rodwayi, which it resembles closely based 
on the description (Cheeseman 1908; Schlechter 1921). Its recognition as a separate species was proposed to 
retain a monophyletic T. rodwayi (Merckx and Smets 2014). There is also a third species known in Australia, 
Thismia yorkensis Cribb, currently known from Cape York Peninsula in northern Queensland. 

Thismia is included in Burmanniaceae by several authors including the Angiosperm Phylogeny Group 
(APG 2009). However, molecular phylogenetic evidence indicates that Thismia is not part of Burmanniaceae, 
but should be placed with the mycoheterotrophic genera Tiputinia P.E.Berry & C.L.Woodw., Haplothismia 
Airy Shaw, and Oxygyne Schltr. as the sister group of Tacca J.R.Forst. & G.Forst. (Merckx et al. 2006, 2009; 
Merckx & Smets 2014). Following these results Thismia, Tiputinia, Haplothismia, and Oxygyne form the 
family Thismiaceae sensu stricto (without Afrothismia Schltr.). The family Thismiaceae is also recognised by 
the National Herbarium of New South Wales (NSW). 

In January 2011 one of us (CH) collected a flowering specimen of Thismia from warm temperate rainforest 
near Blackheath in the Blue Mountains of New South Wales. Many more flowering specimens (c. 400) were 
subsequently found during a search of the surrounding area. Dissections of the flowering material and 
comparison with specimens of T. rodwayi and T. clavarioides show that the Blackheath plants comprise a new 
species, here described as Thismia megalongensis. 

© 2014 Royal Botanic Gardens and Domain Trust 
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Materials and methods 

Plant materials—Multiple specimens of the new species were collected in spirit, CTAB, and silica gel at the 
Megalong Valley. For comparison, specimens of T. rodwayi were collected from the Grose Valley at Blackheath, 
and specimens of T. rodwayi and T. clavarioides from Morton National Park (the type locality of the latter 
species) near Bundanoon. Voucher specimens are deposited at NSW. 

Analyses of molecular data—Appendix 1 lists all taxa included in the molecular phylogenetic analysis with 
GenBank accession numbers and voucher information for newly sequenced taxa. For sequences obtained 

for this study, DNA was extracted from silica-dried or CTAB preserved specimens with the DNeasy Plant 
Mini Kit (QIAGEN, Venlo, the Netherlands) following the manufacturer’s instructions. Amplification of the 
18S rDNA region was carried out as described in Merckx et al. (2006). Mitochondrial atpl sequences were 
amplified with the primers and conditions described in Eyre-Walker and Gaut (1997). Sanger sequencing was 
performed by the Macrogen sequencing facilities (Amsterdam, the Netherlands). Sequences were assembled 
and edited with Geneious Pro v5.5.6 (Biomatters, New Zealand). Sequences were aligned using the MAFFT 
v.6.814b alignment tool (Katoh et al. 2002) implemented in Geneious Pro. The substitution model for both 
DNA regions was selected with jModeltest v2.3.1 (Darriba et al. 2012) under the Akaike Information Criterion 
(AIC). The best-fitting model for the 18S rDNA and atpl datasets are respectively the GTR+I+G model and 
the GTR+G model. Bayesian inference analyses were conducted using MrBayes v.3.2.1 (Ronquist et al. 2012). 
Each of the DNA datasets was analyzed separately, and also combined using a separate model for each of the 
two data partitions as determined by jModeltest. Analysis comprised two parallel analyses each consisting 
of four Markov chains starting with a random tree and running simultaneously for 5 x 106 generations. 
Trees were sampled every 5000th generation. The first 250 sampled trees of each analysis were regarded as 
‘burn in’ and discarded. A majority rule consensus tree was calculated using the remaining 1500 trees. 

Habitat assessment - Habitats at the collecting sites were assessed using a 20m x 20m square quadrat, 
recording all vascular plant species in terms of vertical coverage of spatial area (‘cover’) and frequency in 
bands of numbers representing minimum counts of observed individuals (‘abundance’), as well as a range of 
biotic and abiotic environmental variables, in compliance with the NSW Interim Type Standard (Sivertsen 
2009). Data was captured in the Vegetation Information System VIS Flora Survey module of the NSW 
Bionet nature records system (www.bionet.nsw.gov.au) for archiving. Vegetation communities in which the 

Thismia samples were found are compared to the state-wide list of NSW Plant Community Types maintained in 
the VIS, these having been defined using the standardised quadrat and assessment method, with data captured 
using the standardised method to allow analytical comparison of the sites with the nominated communities. 

Results 

Morphological observations - Thismia megalongensis (Figs 1, 3a,b) differs from T. clavarioides (Fig. 3c,d) in 
having a richly coloured perianth, shorter, thinner apical awns on the inner perianth segments, thinner bristles 

on the outer perianth, and a fine rounded end to the anther bristle. In contrast T. clavarioides is characterized 
by a mostly colourless perianth, long, thick apical awns on the inner perianth segments, thicker outer perianth 

lobe bristles, and an anther bristle terminating in a club-shaped group of papillae. 

It differs from T. rodwayi (Fig. 3e,f) and T. hilli by having finer, more elongated apical awns (Figs 1, 3a,b), and 
by the presence lateral bristle developed from each outer perianth segment (Figs 1,3a,b, 4a). In T. rodwayi and 
T. hillii bristles on the outer perianth segments are lacking. And in T. rodwayi apical awns are very short (Figs 
3e,f, 4b). 

Phylogenetic analyses - No significantly supported incongruences were observed between the Bayesian 
18S rDNA and atpl topologies. Bayesian analysis on the combined data resulted in a very similar, but better 
supported topology, shown in Fig. 5. As found in previous analyses (e.g. Merckx et al. 2009; Merckx and 
Smets 2014) Thismia is not a monophyletic group due to the inclusion of Haplothismia and Tiputinia. 
All included Old World Thismia species (Thismia subgen. Thismia) are part of a well-supported monophyletic 
group (Bayesian Posterior Probability = 99.9). Within this clade the two species from Taiwan, T. taiwanensis 
Sheng Z.Yang, R.M.K.Saunders & C.J.Hsu and T. huangii P.Y.Jiang & T.H.Hsieh are well-supported sister taxa. 
This clade is sister to a clade that consists of taxa from Borneo (T. clavigera F.Muell. and T. aseroe Becc.), and 
Australia and New Zealand. Within the latter clade T. clavarioides is the sister species of T. rodwayi, while 
T. megalongensis is the sister species of T. hillii from New Zealand. (Fig. 5). 

Thus, the phylogenetic analysis based on molecular data suggests that T. megalongensis is most closely related 
to T. hillii from New Zealand. A population genetic study is currently being carried out by the authors to 
explore the population structure and genetic differences between the populations and species of Thismia in 
Australia and New Zealand. 



Thismia megalongensis (Thismiaceae), NSW Telopea 16: 165-174, 2014 167 

Taxonomic treatment 

Thismia megalongensis C.Hunt, G.Steenbeeke & V.Merckx sp. nov. 

Similis T. rodwayi, sed differt per tenues exteriores perianthium setis et extense awns ad apicem. Similar to 
T. rodwayi, but differs by the thin outer perianth bristles and extended awns at the apex. 

Holotype: Australia, New South Wales, Central Tablelands: Mermaids Cave Recreation Reserve, near Coachwood 
Glen walk, Blackheath, 17 Jan 2011, C. Hunt & G. Steenbeeke s.n. (NSW889649 - 70% ethyl alcohol). 

Achlorophyllous mycoheterotrophic herb of the litter layer and the upper mineral soil, with creeping vermiform 
1-2 mm thick rhizome that infrequently branches. Leaves absent; colourless bracts present on the peduncle, 
to 7 mm long, the uppermost clasping the base of the flower. Flowers solitary, 15-25 mm long (including the 

dorsal awns on the inner perianth lobes), usually fully emergent above the soil, with the base of the flower 
at the same level as the litter or occasionally below the uppermost layer, solitary on a short to elongate scape 
which is 1-2 mm wide and 10-60 mm in length. Perianth urceolate, 10-16 mm long, 4-6 mm wide, white at 
the base, rich orange from near base to apex, comprising 6 segments fused for the basal 3A of their length, the 
upper part of the segments forming an open 3-way arch or mitre in the apical 14. Perianth segments with a 
prominent central rib, each segment fused along the margin to the adjacent segment with an elongate region 
of thickened darker orange tissue, inner and outer surfaces irregularly rugose. Outer perianth segments each 
forming an abaxial lobe out from the perianth tube, with a prominent bristle developing from the central 

rib and extending outwards beyond the apex of the lobe, (2-) 3-6(-8) mm long. Inner perianth segments 
connate at the top forming a mitre, with an apical awn developing from the central rib on the outer surface of 
each. Awns extend beyond the mitreform apex, decumbent to near erect, often curved, (3-)4-6(-9) mm long. 
Stamens hanging as a prominent 6-lobed annulus, deep orange, with a central rib, ending in a distal, two lobed, 
skirt and inner petticoat-like appendage with a fine straight or curved bristle. Anthers extrorse, with white 
pollen in two shallow elliptical loculi. Style short, with 3 elliptical lobes at apex. Ovary inferior, truncate to 
domed, 1-locular; placentas 3, free, joined at apex and base of the locule. Fruit ovoid, with a raised rim around 
the apical edge, c. 4 mm in diameter, fleshy, whitish. Seeds globoid to ellipsoid, golden-brown, 0.25-0.3 mm. 

Figs 1-4. 

Derivation of epithet: derived from the type location, Megalong Valley, west of Sydney, in the upper 
Blue Mountains of New South Wales. 

Specimens examined: Hunt and Steenbeeke s.n. (NSW889649 - type; NSW889871). These represent several collections 

made by the authors from the type location. 

Fig. 1. Thismia megalongensis against 1mm increment rule 
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Fig 2. Thismia megalongensis, a, Anther assembly, b, Anther skirt assembly, c, Style from side, d, Style from above, 

e, Immature fruit, f, Fruit at maturity, with seeds visible. 
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Fig. 3. a, b, Thismia megalongensis, in situ, Mermaids Cave Recreation Reserve, Blackheath, as generally occurring, 

protruding from litter, c,Thismia clavarioides, in situ, Fairy Bower Falls, d, Thismia clavarioides, in situ, East of Fairy Bower 

Falls, Bundanoon, both with litter removed, e, Thismia rodwayi, in situ, Fairy Bower Falls, Bundanoon, f, Thismia rodwayi, 

in situ, Grose Valley, Blackheath, both with litter removed. 
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Fig. 4. a, Thismia megalongensis, Lobe of outer perianth showing bristle, b, Thismia rodwayi, Lobe of outer perianth. 

Distribution and habitat 

Thismia megalongensis occurs in closed forest dominated by mesophyll species (Figure 6). The vegetation 
class is Warm Temperate Rainforest (Keith 2004) and the community is a Tall Closed Forest, NSW Plant 
Community Type 769 or 1529 or 1896 (OEFI 2014). Dominant canopy species include Doryphora sassafras 
Endl. and Ceratopetalum apetalum D.Don, with emergent Eucalyptus deanei Maiden. A shorter tree canopy is 
dominated by Acacia data Benth. and Dicksonia Antarctica Labill. The midstorey is largely absent, although 
saplings of the main canopy species are scattered throughout. Epiphytes are common in the upper canopy 
levels, dominated by orchids such as Sarcochilus falcatus R.Br. and Dendrobium fairfaxii F.Muell. & Fitzg. Stems 
of Parsonsia and Cissus form thin to thick lianas that often stretch from the ground well into the canopy. The 
groundcover is moderately dense but patchy, dominated by Blechnum wattsii Tindale with very occasional 
Sticherus lobatus N.A.Wakef. and moist-environment forbs (mainly Plantago and Hydrocotyle). Frequent rocky 
outcrops (derived from blocks from the cliff lines above) are largely covered by an array of cryptogams (mainly 
mosses) and creeping ferns (Microsorum and Hymenophyllaceae). Litter is continuous, dominated by fallen 
foliage and occasional larger branches and fallen logs. The depth of the litter layer is variable, but generally 
about 3 cm deep. Soil underneath the litter is an organic-rich, humic earth, with moderate sand component as 
a result of the washing in and blowing in of sands from erosion above the site. 

The site in which the two other Thismia species occur at Bundanoon is also a closed-canopy forest with 
sandstone cliffs above, but is not as strongly dominated by the Doryphora sassafras and Ceratopetalum apetalum. 
While the former is still a prominent component of the canopy in the areas immediately surrounding the 
Thismia sites, the canopy immediately over the site investigated was dominated by Eucryphia moorei F.Muell. 
and Tristaniopsis laurina (Sm.) Peter G.Wilson & J.T.Waterh. making the community more indicative of 

Plant Community Type 767 or 1292 (OEH 2014). Canopy density was similar, and the understorey likewise 
dominated by ferns and with abundant litter. 

Ecology 

Plants were observed in the field over three consecutive summers. These observations show that T. rodwayi and 
T. clavarioides begin flowering earlier than T. megalongensis. Flowers of T. megalongensis have a fungal odour 
when fresh, and once they start to degrade the odour is similar to that of ‘over-mature fish’. No insects were 
observed visiting the flowers. Thismia rodwayi has been shown to grow on specific arbuscular mycorrhizal 
fungi (Glomeromycota) that are likely to be simultaneously mycorrhizal with roots of surrounding trees 
(Merckx et al. 2012). Molecular identification of the fungal symbionts of T. megalongensis and related species 
is currently ongoing. 
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Fig. 5. Majority rule consensus tree obtained with Bayesian analysis of the combined molecular data set (18S rDNA + 

atpl). Bayesian posterior probabilities are indicated at the nodes. Bar represents number of substitutions per site. 
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Conservation status 

A conservation status of 2Kit and distribution of Ni54 Mermaids Cave Recreational Reserve is suggested as per 
Briggs & Leigh (1996). The IUCN ‘Red List’ threat code (IUCN 2012) for the species is difficult to determine 
clearly as the species occurs in only one known site, yet its cryptic nature allows for the potential occurrence 
elsewhere in this vegetation community. Given the community is widespread, although highly fragmented, the 
code recommended as a minimum would be VU Dl+2, with potentially CR B2ac(iv) applying as a result of 
the year-on-year observed variation in number of individuals in flower. Additional complexity arises from the 
unknown extent to which the population is clonal and the longevity of the plants is unknown. It is possible 
that the species will be severely affected by changes to precipitation, temperature and seasonality of rainfall 
that are expected to accompany climate change. 

Fig. 6. a, Habitat of Thismia megalongensis. b, and c, flowers (arrowed) in situ amongst litter and Blechnum wattsii. 
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Key to the currently named Australian species of Thismia 

1 Mitre without processes; roots coralloid . T. yorkensis 

la Mitre with three apical or subapical processes; roots vermiform . 2 

2 Mitre-processes terminal, spreading or appressed to mitre , < 5 mm long; outer perianth bristle absent, 
perianth red to orange. T. rodwayi 

2a Mitre-processes dorsal, erect or spreading, usually > 3 mm long; outer perianth bristle evident . 3 

3 Outer perianth bristles fine, 3-6 mm long; apical processes fine, 4-6 mm long; perianth red to orange . 
. T. megalongensis 

3a Outer perianth bristles thick, 9-11 mm long; apical processes well-developed, 20-25 mm long; perianth 
very pale or white. T. clavarioides 
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Appendix 

Appendix 1. 

Genbank accession numbers for the sequences used in the phylogenetic analysis (18S rDNA, aptl). 

Thismia hillii (NewZealand): AF309403, AY299849; Thismia megalongensis (Megalong Valley, NSW, Australia 
- Hunt & Steenbeeke 889871, NSW): KJ885661, KJ885662; Thismia rodwayi (Australia, TAS): KF692536, 
KF692540; Thismia rodwayi (Australia, VIC): KF692538, KF692541; Thismia huangii (Taiwan): KF692534, 
KF692543; Thismia taiwanensis (Taiwan): DQ786080, EU421051; Thismia clavarioides (Australia): KF692533, 
KF692539; Thismia clavigera (Malaysia): AF309405, EU421049; Thismia aseroe (Malaysia): AF309404, 
EU421048; Thismia panamensis (Panama): DQ786081, EU421050; Tiputinia foetida (Ecuador): FJ215764, 
FJ215770; Haplothismia exannulata (India): DQ786082, EU421037; Afrothismia gesnerioides (Cameroon): 
EU420989, EU421003. 
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Abstract 

Chevalier de la Camara was a collector of plants in Australia in the 1870s and 1880s, and at least three species were named 

in his honour. However, nothing has been recorded of his life or work. In this paper as much as can be gleaned about him 

is set out, including his origins, birth, marriage, family, honours, botanical and agricultural activities, and death. 

Introduction 

Chevalier de la Camara is known as a collector of plants in Australia in the 1870s and 1880s (George 2009; 
AVH 2014), often as A. de la Camara, A.C. de la Camara, A. Camara or simply Camara or even Camera, 
but his first name and his years of birth and death are not recorded, and nothing of his life is known. Herbarium 
records show that he collected vascular plants (mainly dicots), bryophytes, lichens, fungi and algae in various 
parts of New South Wales in the 1870s and 1880s (Figs 1,2), but nothing more has been known of him, even 
though at least three species have been named in his honour — a lichen, Sticta camerae Miill.(Arg.) (F. Muller 

1882); a moss, Polytrichum camarae Miill.HaL (C. Muller 1897); and a liverwort, Plagiochila camerae Steph. ex 
Dugas (Dugas 1928). Images of the types of these species can be found on the JSTOR Global Plants website 
(www.plants.jstor.org), and high-resolution images are available to members of participating organisations. 

Of the 317 known collections in Australian herbaria (AVH 2014), 269 are undated, at least one is a geographical 
outlier, and only 79 have collection numbers, and of those 21 have the numbers duplicated or triplicated. There 
are no collections with numbers between 111 and 301, which suggests that a large number of his collections are 
either not in Australian herbaria or have not been databased. As a result, the utility of many of his collections 
for temporal and spatial analyses is limited. 

In order to improve the utility of the collections and add to the knowledge of early botanical workers in 
Australia, this paper sets out as much as I have been able to discover about Chevalier de la Camara, including 
his origins, marriage, family, honours, botanical and agricultural activities, and death. 

For the sake of brevity I have abbreviated some names of sources for references in the text, as follows: 

• ASNSW — Acclimatisation Society of New South Wales 

• AVH — Australia’s Virtual Herbarium 

• PROV — Public Records Office, Victoria 

• SMO — Shipping Masters’ Office, Sydney 

• SRA — State Records Authority of New South Wales 

• VR — Victorian Railways 

© 2014 Royal Botanic Gardens and Domain Trust 
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Newspaper references, which are mostly shipping and other notices, are listed under ‘Anonymous’ except 
where an author can be identified. 

Early life 

Antonio de la Camara was born in 1829 in the town of Priego de Cordoba in south-eastern Spain, to Dolores 
de la Camara (nee Calabres) and Roberto de la Camara, a merchant (PROV 2012a,b). Unfortunately nothing 
more is known of his life in Spain, but one might assume from his later life that he was well-educated and had 
some botanical or agricultural training, possibly at the Central (Complutense) University of Madrid, then the 
nearest university to his place of birth. In about 1854 he emigrated to Victoria (PROV 2012a) in the first wave 
of Spanish immigrants to Australia, at a time of great political and social upheaval in Spain. 

The first record of him in Australia is his marriage in 1859 to an Irish emigrant, Bridget O’Brien, in Melbourne, 
when he was 30 years old and she was 17 (PROV 2012b). They had three children: Frances (b. 1859), Lucy (b. 
1873) and Josephine Mary (b. 1875) (PROV 2012c). The birth of Frances was re-registered in 1860, presumably 
to avoid the stigma within the Catholic Church of pregnancy before marriage (PROV 2012c). 

Some time between 1860 and 1867 the family moved to Eastern Creek, now a suburb of Sydney, where they 
were engaged in agriculture. In January 1867, Camara (signing himself ‘Anthony Camara’) wrote to the 
Acclimatisation Society of New South Wales on the cultivation and uses of‘wild artichoke’ (Cynara cardunculus 
L.) and ‘bastard saffron’ or safflower (Carthamus tinctorius L.), noting that he had provided safflower blossom 

to Charles Moore of the Botanical Gardens in Sydney to exhibit at the Paris Exhibition (Camara 1867). 
It seems likely that at this time he was experimenting with plants he knew well from Spain to see if they could 
be introduced into commercial cultivation in Australia. A few months later he was reported to be growing 
safflower successfully at Eastern Creek (ASNSW 1867). Later in the same year a grower from Queensland 

Fig. 1. Reported locations of collections lodged in Australian herbaria attributed to de la Camara. Source: AVH (2014). 
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Fig. 2. Nature of collections in Australian herbaria attributed to de la Camara, by percentage of total collections. 

Source: AVH (2014). 

reported that he had successfully raised a safflower crop from seeds supplied by cMr. Camara of N.S. Wales, 
who imported them from Spain’, and pointed to the potential of safflower as a new and valuable export crop 
for Queensland (‘Fitzroy’ 1867). In the following year Camara supplied a ‘large lot of various specimens of 
seeds from New South Wales’ to the Botanic Gardens in Sydney (Anonymous 1868). 

Soon after he returned to Melbourne, where he took up residence with his family at 29 Guildford Street, West 
Melbourne (now Guildford Lane in the CBD), and began once more to use his Spanish name. The Argus 
reported that ‘Don Antonio de la Camara, of this city, correspondent of the Museum of Natural Sciences 
in Madrid, has just had the honour conferred upon him of being elected a corresponding associate of that 
museum. The gratifying terms of the letter conveying the appointment enhance the value of the compliment.’ 
(Anonymous 1871). In the following year came the honour and title by which he would be sometimes 
known in the botanical literature: ‘By this mail Senor Antonio de la Camara, who has for many years been 
the Australian correspondent of the various learned societies in Madrid, received his decoration as Cavalier 
of the Royal Order of Isabel the Catholic, which has been conferred upon him in recognition of his services. 
As a work of art, the star with its accompanying wreath of laurel is a beautiful production. On one side are 
the pillars of Hercules, with the two worlds and the motto “P/ns ultra” and encircling it are the words “[A] La 
Lealtad Acrisolada,” or purified loyalty. On the obverse are the initials of the order on a purple ground, with 
the motto “Por Isabel La Catolica.” ’ (Anonymous 1872). The motto in full means ‘To proven loyalty for Isabella 
the Catholic’. Unfortunately I have been unable to discover the reason that this honour was bestowed on de la 
Camara. 

In 1875 Bridget’s brother Michael, a warden at the Beechworth Mental Asylum, died without leaving a will, and 
as his only next of kin in the colony she was awarded administration of his estate (O’Brien 1875). 

Travels in Australia 

From 1875 to 1884, and possibly as early as 1870, de la Camara made several trips to New South Wales and 
southern Queensland, collecting seeds and plants (Table 1). Fortunately he seems to have travelled usually, 
if not always, in cabin class on coastal passenger ships, so that he can be found in newspaper shipping lists. 
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Although steerage passengers were included in ship manifests, they were not listed in the shipping notices. 
In the manifests in which I have been able to find his name, it is often difficult to identify and thus is often 
mistranslated in shipping notices and also in the few online passenger lists available. In addition, it is possible 
that his name was sometimes entered incorrectly, perhaps as ‘Cameron’ or ‘Cameera’ or other variations that 
would make it almost impossible to identify him. 

A lichen collection he made at Bulb, in the Sydney region (MEL6568A) is dated 1870 on a handwritten label. 
Although it is possible that he collected this specimen in 1870, the date is much earlier than his other known 

collections, and I cannot find any record of him travelling at this time. It may be that the date was misread 
from an original label, but it is impossible to verify because most of his collections are undated. 

The first traceable botanical trip that he made was from March to June 1875. He left Melbourne on 9 March 
on the Macedon (Anonymous 1875a) and arrived in Sydney on 12 March (SMO 1875), leaving there for 
Melbourne on the same ship on 8 June (Anonymous 1875b) and arriving on 11 June (Anonymous 1875c). In 
January 1877 he again left Melbourne on the Macedon (Anonymous 1877a), arriving in Sydney on 8 January 
(Anonymous 1877b), then travelled on to northern New South Wales (see below) and Brisbane, returning to 
Sydney on 26 June (SMO 1877, SRA 2012a) and presumably from there back to Melbourne. In June of the 
same year he is listed as a donor of seeds to the Queensland Acclimatisation Society (Anonymous 1877c). His 
third trip was in 1879. On 18 March he left Melbourne on the Barrabool (Anonymous 1879a) and arrived in 
Sydney on 21 March (SRA 2012b). He then left Sydney on 20 May for Grafton on the City of Grafton, arriving 
on 22 May (Anonymous 1879a). The purpose of his visit was announced in the local Lismore newspaper: 

cMr. Camara, an Italian Botanist, who visited this district some two years since, upon a botanizing tour, is now 
here again with a like object, and any person in doubt as to the name or value of any vegetable product, should 
not lose the present opportunity of getting it properly named or classified. Mr. Camara is anxious to secure 
seeds, flowers, &c., of the various Eucalypts growing in this district, or any other botanical specimens, and 
we shall be happy to receive anything intended for this gentleman, or give an introduction, &c.’ (Anonymous 
1879c). 

In July he wrote to the editor of the Northern Star on the commercial value of wattle bark, and noted that he 
was of Spanish birth, not Italian as stated in the previous article (Anonymous 1879d). During this trip he must 
have travelled on to Queensland, as on 1 August he embarked on the Keilawarra in Brisbane (Anonymous 
1879e), arriving in Sydney two days later (Anonymous 1879f) and presumably sailing on to Melbourne 
afterwards. In that month he was again listed as a donor of seeds and plants to the Acclimatisation Society 
(Anonymous 1879g). 

On his fourth trip he left Melbourne on the Leura on 5 February 1881, accompanied by one of his daughters 
(Anonymous 1881a), arriving in Sydney on 7 February (Anonymous 1881b). He then travelled on to northern 
New South Wales, and his trip was highlighted in the local press in Lismore, with his correct nationality noted: 

‘We note that Chevalier Antonio de la Camara, (Spanyard), has returned to the district again, upon a botanizing 
tour, being now busily engaged in making a collection of sea weeds, ferns, mosses, fungi, &c., for Baron Von 
Mueller, for illustration in his valuable works now going through the Press, upon the vegetation of Australia. 

The Chevalier left Lismore, for the Tweed River, on Tuesday last, [7 June] and after spending a time there in 
exploring the scrubs, will return to the Richmond River for a like purpose, and any person having, or knowing 

anything new in the shape of orchids, &c., would do well to communicate with this gentleman, care of this 
office.’ (Anonymous 1881c). 

On 5 June 1881 he was at Ballina, from where he wrote to Ferdinand von Mueller about an Alsophylla [Cyathea] 
that he had collected in the district, which he thought was different from others he had seen (de la Camara 
1881). In that letter he also noted that he had sent to von Mueller ‘a case containing fungus, mosses, Algae, etc’. 
He was still in the district in July (Anonymous 188 Id), and it was not until 30 September that he left Sydney for 
Melbourne, on the Koonoowarra (Anonymous 188Id). Soon after he returned to Sydney on the Leura, leaving 
Melbourne on 20 November and travelling via Twofold Bay (Anonymous 188le), arriving in Sydney on 
25 November (Anonymous 188 If). He may have left Sydney for Melbourne on 13 December aboard the Ly-ee- 
Moon — a ‘Chard. D. Cameron’ (possibly a mistranslation of his handwritten name) is listed as a passenger in 
the outbound shipping notice — but I have not been able to find the original document (Anonymous 188 lg). 

Among the plants he obtained in 1881 was a moss later described by Carl Muller as a new species, Polytrichum 
camarae Mull.Hal., from ‘White Cap Mountain prope dem Richmond River: De la Camara in Hb. Melb. 1881.’ 
(C. Muller 1897). It is now a synonym of Pogonatum neesii (Mull.Hal.) Dozy. A lichen that he collected in 1881 
was also a new species, named Sticta camarae F.Mull. (Arg.): ‘Ad Richmond River, New South Wales Novae 
Hollandiae: cl. Camara (ab ill. F. v. Muell. commun.)’ (Muller 1882). It is ‘an endemic epiphyte of rainforest 
trees in eastern Queeensland and N.S.W., but still very poorly collected and little known’ (Galloway 2001). 
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In 1882 he was once again in Sydney. Although the date of his arrival is not known, he left Sydney on the 
Coraki, arriving at Richmond River on 28 June (Anonymous 1882b), and at Lismore on the same ship two 
days later (Anonymous 1882c). He left Sydney on the Leura on 28 November, arriving in Melbourne two days 
later (Anonymous 1882f). While at Richmond River in 1882, de la Camara collected a Plagiochila that Stephani 
(1882) published as a new species, Plagiochila paucidens, but without description and therefore illegitimate. 
It was later published as Plagiochila camarae by Dugas (1928). 

At least 15 collections from Lord Howe Island in 1882 (13 in MEL, 1 in NY, 1 in G) are attributed to de la 
Camara, including the epiphytic moss Pinnatella kuehliana (Bosch & Sande Lac.) M.Fleisch. (Enroth 1994), an 
otherwise tropical species that has not been collected on the island since. These collections are considered in 
the Discussion section below. 

In early 1883 de la Camara again returned to Sydney, arriving on 13 February on the Cheviot (Anonymous 
1883a), but I have been unable to trace his movements on this trip further. He must have returned to 
Melbourne before April, as on 31 March his daughter Frances was married in Melbourne (Anonymous 1883b), 
and then returned north later in the year, as he is recorded departing from Sydney for Melbourne in the City 
of Melbourne on December 21 (Anonymous 1883c). 

Herbarium records indicate that he made at least one further trip to northern New South Wales in 1884, but 
I can find no records of him travelling in that year. It is possible that he travelled by train to Sydney rather 
than by sea on this occasion, as the Melbourne-Sydney railway connection had been completed in June 1883 
(VR 2014) and railway passenger records were not kept. 

Table 1 Summary of de la Camara's botanical travels in Australia. Uncertain dates are in square brackets. 

Period Areas known to have been visited 

[1870] Sydney (Bulli) 

1875: March - June Sydney 

1877: January - [July] Sydney, north-eastern NSW, Brisbane 

1879: March - [August] Sydney, north-eastern NSW, Brisbane 

1881: February - September Sydney, north-eastern NSW 

1881: November - December Sydney 

1882: [April] - November Sydney, north-eastern NSW, ?Lord Howe Island 

1883: February - [March] Sydney 

1883: [April] - December Sydney 

1884: months unknown Sydney, north-eastern NSW 

Death and later family history 

Chevalier Antonio de la Camara died suddenly at his home in Melbourne on 5 November 1884 of heart failure 
(PROV 2012a), and was buried in Melbourne General Cemetery two days later (Fig. 2). His only known death 
notice read: 

‘CAMARA. - November 5, suddenly, at his late residence, 29, Guildford-street, West Melbourne, Don Antonio 
de la Camara, scientific botanist.’ (Anonymous 1884). 

The year of his birth on the gravestone is 1831, rather than 1829 as stated in his marriage and death certificates, 
but the official records must be assumed to be correct. 

After his death his family moved to a single-fronted terrace house in William Street, West Melbourne, which 
still stands today. In March 1883 his eldest daughter Frances (Fannie) had married a well-known actor, John 
F. Forde, at St John’s, Heidelberg (Anonymous 1883c). In September 1899 Antonio’s youngest daughter, 
Josephine, died at the age of 24 of tuberculosis (PROV 2012e). In the same year her sister Fucy won second 
prize in the Civil Service Class at St. Andrew’s Fadies’ College, Prahran (Anonymous 1899b), but only two 
years later, on 2 April 1901, she too died of tuberculosis, aged 27 (PROV 2012f). Antonio’s wife Bridget died 
on 31 August 1906 (PROV 2012d). Frances, the last surviving member of Antonio’s immediate family, died 
on 17 May 1919 (Anonymous 1919), and her husband died on 26 May 1932 (Anonymous 1932). They were 
all interred in the same plot in the Melbourne General Cemetery, with Bridget’s sister Honora (d. 1864) and 
brother Michael (d. 1875). 

Discussion 



180 Telopea 16: 175-183, 2014 Meagher 

Fig. 3. The grave of Antonio de la Camara and his family, Melbourne General Cemetery. 

The date of collection of all 269 undated collections attributed to de la Camara can now be placed in the period 
1870-1884, with a high likelihood of this being actually 1875-1884. The numbers recorded as collection 
numbers are probably packet numbers given to specimens sent to von Mueller, rather than held collection 
numbers. 

It is also now possible to detect errors in the supposed localities and dates of his collections. For example, 
the locality to the west of all others in Figure 1 is an oddity because there is no evidence that de la Camara 
travelled there. This locality relates to two collections of the moss genus Pogonatum that he made in 1881. The 
handwritten locality on one packet (MEL1033390) is ‘Night Cap Mountain, which is in the Richmond River 
district, but was misinterpreted by Muller in his protologue for Pogonatum camarae (syn. Pogonatum neesii) as 
‘White Cap Mountain, presumably because he thought ‘Night’ was ‘Wight’ and thus a misspelling of ‘White’. 
This was later interpreted to mean ‘White Top Mountain’ or ‘White Tops’, placing it far to the south-west of 
its actual collection locality. The same error occurred with Pogonatum subulatum Nees, collected at the same 
locality by de la Camara (MEL 1032304). 

The date of a collection of Vittaria elongata Sw. from Richmond River (MEL2155634) is given in AVH as 1886, 
two years after de la Camara’s death and therefore clearly an error. 

In regard to the collections from Lord Howe Island attributed to de la Camara, it seems doubtful that he ever 
visited the island. He could not have accompanied a government commission of inquiry that went to Lord 
Howe Island on the government steamer Thetis in April 1882, as he was not mentioned as a member of the 
party in the official report (Wilson 1882) and was not among the passengers listed on the Thetis on its return 
to Sydney (Anonymous 1882a). Furthermore, a visit by a distinguished Spaniard would have been notable in 
the island’s social life because at that time visits by private individuals were rare, but there is no mention of him 
in the island’s history (Rabone 1972) and he is not recorded in the passenger lists of other vessels that visited 
the island in 1882. Although scientists visited the island again later in 1882 to observe the transit of Venus, 
de la Camara had by then returned to Melbourne and could not have been part of that expedition. It is possible 
that he obtained the Lord Howe Island specimens from John Duff, overseer of the Sydney Botanic Gardens, 
who accompanied the commission of inquiry and collected plants while he was on the island (Wilson 1882). 
The Sydney Botanic Gardens (NSW) did not at that time maintain a collection of bryophytes and lichens; in 
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1883 there were no bryophytes and no more than six lichens in the collection (AVH 2014). However, bryophyte 
and lichen collections were routinely sent to European taxonomists by Ferdinand von Mueller, who had an 
active interest in these groups and maintained a collection in the National Herbarium in Melbourne (MEL), 

which in 1883 numbered at least 30 bryophytes and 55 lichens (AVH 2014). It would be natural, therefore, for 
specimens in these groups to be forwarded to von Mueller, and as de la Camara was in Sydney in 1882 it would 
have been natural for Duff or Charles Moore to give Camara specimens to forward on to von Mueller. 

The question remains as to whether there are other de la Camara collections awaiting discovery. The number 
of collections known in Australian herbaria seems far too few for almost a decade of collecting, and since there 
is one collection known in the National Herbarium of New South Wales (NSW3453) there might be more 
there that are yet to be databased. 

From this starting point, additional information about de la Camaras activities, both botanical and 
agricultural, may come to light. It is clear that he imported crop seeds from Spain, and it might also be that he 
sent seeds and specimens of Australian plants to Spain. It might also be that he maintained a financial interest 
in his Eastern Creek farm after moving to Melbourne, and might have had agricultural interests in northern 
New South Wales that drew him there regularly. On the other hand, he might have been independently wealthy, 
perhaps having inherited a large estate on the death of his parents. It might also be enlightening to discover 
why he was appointed Cavalier of the Royal Order of Isabel the Catholic, as this might have related to his 
agricultural activities. 

The grave of Antonio de la Camara and his family is in serious disrepair. One marble slab is collapsing, 
the decorative iron frame is rust-ridden, the centre strip of tiles between the two marble slabs has collapsed 
and is in danger of breaking up, and many of the lead letters and numbers on the inscriptions have come away 
from the marble slabs and are lying loose. It would be very appropriate if the botanical, theatrical and Spanish 
communities in Melbourne could combine to restore the grave to a condition that would honour all those who 
are interred there. 
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Abstract 

An estimated ninety percent of all species are either invertebrate or microbial but most conservation science and policy 

ignores them. This is disastrous for humanity as this biodiversity contains the majority of the genetic, chemical, metabolic 

and population diversity on Earth that is of enormous - and irreplaceable - economic importance. Microbes and 

invertebrates are at the core of all the primary industries and are the resource for a wide range of secondary industries. 

The low profile of these organisms has been attributed to the absence of technologies to handle them. This no longer 

applies. By including these organisms in mainstream conservation science and policy, several profound benefits accrue: 

1) Informing the many biodiversity-based industries about the very species upon which they depend. 2) Showing these 

industries the extent of their actual and potential resource base. 3) Inform both industry and society on the ‘nuts and bolts’ 

of ecosystem services, the species involved, and their functions. 4) As industries recognise their reliance on biodiversity, 

the responsibility for biodiversity conservation is spread to sectors not normally associated with it. 5) It follows that it is in 

the self-interest of the biodiversity-based industries to protect their resources and to identify biodiversity conservation as 

core business. 6) Once this is achieved the conservation issues or crises among invertebrates and microbes, especially those 

crucial to ecosystem services or industry, can be identified. As long as biodiversity is erroneously presented as consisting 

of a few vertebrate and higher plant groups of concern chiefly to “conservationists”, we continue to make unnecessary 

enemies of the individuals, lobby groups, political parties and industries who, because of that presentation, continue to be 

blind to its multiple and pervasive economic benefits. 

Introduction 

“7 make no apologies for putting microorganisms on a pedestal above all other living things, for if the last blue 
whale choked to death on the last panda, it would be disastrous but not the end of the world. But if we accidentally 
poisoned the last two species of ammonia-oxidisers, that would be another matter. It could be happening now and 
we wouldn't even know... ” 

(Professor Tom Curtis, July 2006, Nature Reviews Microbiology) 

“Setting up dichotomies of economic growth versus the protection of nature is a dead-end for conservation! 

(Michelle Marvier, June 2012, Frontiers in Ecology and the Environment). 

A major omission in the Rio Convention of Biological Diversity (1992) was a clear statement that most species 
are either invertebrate or microbial. Perhaps even more important was the absence of any acknowledgement 
that these organisms harbour the majority of genetic, metabolic and chemical diversity on Earth (Demain 
2000; Keeling et al. 2005; Achtman et al. 2008; Mora et al. 2011). The numbers of species are so vast that even 
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today nobody knows what proportion of the total this diversity represents, but there is plenty of evidence that 
it is in excess of 90% (e.g. Ponder and Lunney, 1999). Thus, conservation science largely ignores this majority, 
which is bad science, and any policy based on it must be bad policy 

Biodiversity conservation, be it in science, government departments or non-government organisations, the 
central operational proposition is that biodiversity is de facto subsets of flowering plant and vertebrate groups. 
In Australia, for example, biodiversity science and policy is mostly directed at vertebrate and higher plant 
groups, endangered species, remnant native vegetation, and the management of invasive species. Further, this 
biodiversity is often viewed as disease and pest organisms and therefore hardly a target for conservation (New 
2006). How mistaken is this and why does it matter? It produces the absurd and tragic situation whereby a 
farmer, asked if his property harboured any biodiversity, answered along the lines, “Well, there are some patches 
of native vegetation which attract some birds and butterflies; a few nice species”. The absurdity of this is that 
beneath his feet are thousands of microbial and invertebrate soil species. The tragedy is that these components 
of biodiversity, whose metabolic activities together regulate many aspects of the fertility, hydrodynamics and 
structure of his soil, remain unacknowledged even though they play a huge part in the productivity, yields 
and profits of his business. Worse still, farmers tend to encounter biodiversity conservation as legislation 
requiring particular remedial actions that are costly in terms of time and labour. A frequent perception is that 
biodiversity conservation is intrusion by outsiders - government departments, environmental organisations 
and academics. The fatal consequence of this bad science and policy is that few in the agricultural industries 
recognise that this biodiversity populates the human food chain or that their income is biodiversity-based. 

This situation is largely because biodiversity is presented as subsets of the flowering plants and vertebrates 
in their locality and not to the huge numbers of species mostly, but not exclusively in the soil, that enable 
their crops and forage plants to grow. The skewed scientific emphasis means also that the study of invasive 
species is critically biased away from microbes and invertebrates (Pysek et al. 2008; Jeschke et al. 2010). The 
invasive fungal plant pathogen, Puccinia psidii, now threatens a wide variety of native Australian plant species 
(Carnegie and Cooper 2011). When it comes to endangerment, the greatest number of projected species 
extinctions are invertebrate (Collen et al. 2012). This is widely ignored even in the context of the complex 
invertebrate and microbial food webs that maintain the target iconic species of popular conservation. The 
situation is exemplified by a recent statement in a front-line scientific journal: ‘Thus, farming will continue 
to be the major cause of habitat and biodiversity loss’ (Ramankutty and Rhemtulla 2012). It is of course true 
in the conventional sense that land clearing for food production eliminates native vegetation and the natural 
habitat of the kinds of animals that conservationists focus on. What it ignores, ironically, is that modern 
farming remains a biodiversity-based industry, but its methods threaten the very biodiversity of the soils upon 
which it depends. 

This paper explores the worrying situation in which biodiversity is widely regarded as amounting to a relatively 
few conspicuous species so that the conservation of biodiversity is thought of as a problem exclusively for 
conservationists (e.g. Redford et al. 2012); rather than being an issue for many industries central to the economy 
and human well-being worldwide - a situation that recent history shows creates many unnecessary enemies. 

A young science 

Space travellers approaching Earth and interrogating their databanks for the number of species inhabiting 

the planet would arrive at a surprising answer: relatively little is known about this. Recent estimates of the 
numbers of species on Earth vary from 7 to 10 million and it is thought that 86% of terrestrial species and 
91% of marine species still await discovery. Almost all estimates ignore the Archaea and the Bacteria and 
estimates of the number of fungal species are wobbly at around 1.5 million (Keeling et al. 2005; Mora et al. 
2011). There appear to be about 6.1 million arthropod species (Basset et al. 2012) alone and each of these will 
harbour a complex microbial community or microbiome. The marine bacterium Pelagibacter ubique (Yooseph 

et al. 2010) appears to be the most common species on Earth and is essential to some global nutrient cycles 
but, because it is microscopic and planktonic, it is unknown to the public and indeed most scientists. The 
Archaea and the Bacteria are a serious challenge to biodiversity science as they exchange genes so freely that 
the category of‘species’ may be difficult to apply (Lienau et al. 2011). As microbial diversity is understood its 
biodiversity, however measured, is likely to dwarf all other groups of organisms (Achtman et al. 2008). 

Neglect of the invertebrates and microorganisms has been attributed to a lack of appropriate technologies 
but this no longer applies. Many kinds of invertebrates are now included in surveys through the application 
a wide range of systems designed for this purpose (e.g. Oliver and Beattie 1996; Colwell 1997; Oliver et al. 
2000; Kean et al. 2012; Costello et al. 2013). The situation for microorganisms is similar and the existing 
and new molecular systems for processing microscopic invertebrates and the Bacteria, Archaea, and Fungi 
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are very exciting (e.g. Hayden 2012a,b; Boyer et al. 2012; Lozupone et al. 2012; Gewin 2012), Available high¬ 
speed methods already enable some aspects of microbial and invertebrate assessment and documentation. 
It is possible to compare, for example, natural and agricultural environments on the basis of the diversity of 
their microbial drivers such as methanogens, nitrogen-fixers or cellulose degraders with a view to determining 
serious changes in frequency if not their actual level of vulnerability to extinction, locally or otherwise (e.g. 
Tilman et al. 1999; Fierer et al. 2013). 

Biodiversity and Primary Industry 

The host of mostly tiny species that provide ecosystem services such as the regulation of soil fertility, structure 
and moisture content that are the foundation of all primary production industries could be called ‘production 
biodiversity’ or ‘agro-biodiversity’ (Thaman 2014). Many different groups of microbes and invertebrates are 
involved but, because these components of biodiversity are so rarely studied by conservation science, we do 
not know their conservation status. It is becoming clear that some agricultural methods affect the diversity 
of soils microbes, for example, the application of industrially produced nitrogenous fertilizers can reduce the 
activities of beneficial microbes (e.g. Carreiro et al. 2000; Fierer et al. 2013). 

The economic values of arthropods, especially insects, have been assessed with respect to their services as 
pollinators, biological control agents, the burial of the dung of exotic species such as cows and sheep, and their 
participation in the food chains of vertebrate species around which there are major recreational hunting and 
fishing industries (e.g. Isaacs et al. 2009; Losey and Vaughan 2006). These services are known to be worth many 
billions of dollars annually in the USA, and include groups not normally regarded as economic assets, such as 
beetles and flies. 

The critical importance of wild pollinators to crops around the world is now better appreciated. The decline 
of the honeybee in many nations means that farmers and orchardists are searching for alternatives, especially 
among native bees, generally from genera other than the honeybee. However, many kinds of insects are good 
pollinators, if only because they fly from flower to flower in very large numbers. They include flies, wasps, 
beetles, bees, and butterflies. Production from 87 leading global food crops is dependent on animal (mostly 
insect) pollination (Klein et al. 2007; Kennedy et al.2013). 

An important issue often missed by conservationists is the two-way interactions between crops and wild 
pollinators. With respect to benefits flowing from wild pollinators to crops, significant increases in yields 
result from the activities of wild pollinators of many kinds, not just bees, both in Australia (Blanche et al. 
2005, 2006; Heard et al. 1990) and worldwide (Ricketts et al. 2008; Garibaldi et al. 2010; 2011). In addition, 
global dependence on wild pollinators is increasing (Aizen et al. 2008). Although few crops rely exclusively on 
wild pollinators, yield increases in nearly all of these crops resulting from the activities of wild pollinators are 
important economically (Klein et al 2007) Thus it is beneficial to retain native vegetation in croplands for the 
provision of native pollinator habitat (Garibaldi et al. 2010,2011). 

With respect to the benefits of crops to wild species, the situation is less well understood, but research shows 
that, for example, the pollen and nectar resources offered by crops sustain or even increase the densities of 
arthropod species that are wild pollinators (Westphal et al. 2003). While the benefits have been assessed 
mainly for insects, it seems that other kinds of nectar and pollen feeding animals might also accrue. Further, 
agricultural land has multiple benefits for wild bees and wasps (Steffan-Dewenter 2003; Mandelik et al. 2012). 
This area of research needs more attention. 

Most biological control agents, especially those deployed among crops, are either microbial or invertebrate. 
This means that the major alternative to chemical pesticides resides within this vast biodiversity (Bellows and 
Fisher, 1999). A wide array of these organisms have been deployed for centuries (eg Beattie 1985), are already 
cultured in vast numbers for application to crops and orchards (e.g. http: //www.bugsforbugs.com.au) or are in 
the trial phase either as sole agents or for inclusion in integrated pest management schemes as shown regularly 
in the journal: http: //www.journals.elsevier.com/biological-control/. Bellows and Fisher (1999), a standard 
text on biological control agents, shows that arthropod biodiversity is a vast resource for pest control and it 
is rarely appreciated that mites and wasps, two groups generally regarded with hostility, are vast commercial 
resources containing very large numbers of parasitic species, most of which are highly specialised on their 
hosts, thus reducing the possibilities of disastrous ‘escapes’ such as the cane toad fiasco. Beetles are utilised 
on an industrial scale for dung control throughout the world (Nichols et al. 2008). The venoms of spiders 
have emerged as potential insecticides, being hyper-stable mini-proteins that target novel sites in specific pest 
insects. As there are roughly 100,000 spider species worldwide, there is a very large available resource base 
(Windley et al. 2012). 
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Ants can be biological control agents, but managing them can be difficult (e.g. Majer, 1986; Rico-Gray and 
Oliveira 2007). Together with termites, they provide other important services for which they are less well 
known, such as soil bioturbation and increasing water penetration and soil nitrogen in dry climate crops (Evans 

et al. 2011). A diverse range of invertebrates is vital for soil fertility in tropical (Lavelle et al. 1994; Lawton et 
al. 1996), arid (Whitford 1996) and temperate (De Deyn et al. 2003, Stinner and House 1990) ecosystems, 
and substrate quality in littoral (Lohrer et al. 2004) zones. The importance of earthworms to soil fertility has 
been known for centuries but it is only more recently that the beneficial activities of nematode worms, mites, 
springtails, beetles, termites, millipedes, centipedes, spiders and ants, cumulatively hundreds of thousands of 
species, have been documented. Biogeochemical cycles generated by the activities of invertebrates in littoral 
substrates (muds and sands) are poorly understood, but the importance of sea urchins, for example, have been 
clearly demonstrated (Lohrer et al. 2004). Many marine substrates are inhabited by entire phyla that are little 
known even to biologists; what they contribute is anyone’s guess. 

Microbial contributions to primary production industries are less well studied, but the pivotal importance of 
some are so well understood their names should be better known: Nitrosomonas, Nitrobacter, Pseudomonas 
and Azotobacter are among the bacterial genera that drive the global nitrogen cycle and hence soil fertility 
(de Vries and Bardgett 2012). As their activities are worth billions of dollars and their conservation status 
is unknown, they surely should be on the conservation agenda. While it may be that these genera are not 
endangered, local extinctions resulting from human activity are likely. The biodiversity of nitrogen-processing 
bacteria contains species that may be engineered into crop plants, reducing the need for fertilizer (Beatty and 
Good 2011). Larmers worldwide rely (mostly unknowingly) on specific species of fungi to turn crop stubble 
into nutrients for the next season’s crops (e.g. Pandey and Sinha 2008); Aspergillus and Trichoderma are two of 
the most important genera. Microbial ecologists are poised to greatly reduce farming costs by adding specific 
microbes to soils that suppress soil-borne crop pathogens (Mendes et al. 2011). Phosphorus is such a vital soil 
nutrient, especially in Australia, it is important to understand the microbes that drive the phosphorus cycle, 
especially as ‘Peak Phosphorus’ has been proposed (Clabby 2010; Smith et al 2011; Khan et al. 2009). Lungal 
biodiversity drives much ecosystem plant diversity, variability, and productivity (van der Heijden et al 1998) 
and is the resource for a major pest control industry (e.g. Remadevi et al. 2010). 

The need to understand how to conserve fungi has been recognised for some time (Hawksworth 1996). A 
study of the consequences of rainforest clearing for agriculture resonates with the Curtis quotation at the start 
of this article, as it emphasises that we do not know what to conserve, either for conservation or production, 
until the microbial biodiversity is known (Rodrigues et al. 2012). 

Similar concepts and perhaps an even greater urgency apply to marine ecosystems where, for example, the 
cyanobacterium Prochlorococcus is one of the most abundant photosynthetic organisms on Earth (Avrani et al. 
2011). The importance of research into this biodiversity is emphasised by recent results from environmental 
genomics which reveal previously unknown bacterial phyla (Wrighton et al. 2012; Taylor and Stocker 2012). 

Biodiversity and Secondary Industries 

uNature is the world's foremost designer. With billions of years of experience and boasting the most extensive 
laboratory available, it conducts research in every branch of engineering and science’! 

(J. Bar-Cohen, 2007; Biomimetics, Lavoisier, Lrance) 

Biodiversity and Energy: Research into microbial biodiversity has revealed a wide range of organisms that 
use solar energy and many different kinds of substrates, including waste materials, for biofuel production. The 
many promising alternatives include examples from bacterial, fungal, and algal biodiversity (Demain, 2000; 
Grayson et al. 2011; Wijffels and Barbosa 2010; Berka et al. 2011). Georgianna and Mayfield (2012) emphasise 
the vast genetic and metabolic diversity available in algal biodiversity alone. 

Biodiversity and Materials: This is a very exciting research field that is generating a wide array of medical and 
engineering materials derived from various microbes and invertebrates (e.g. http: //www.oxfordbiomaterials. 
com). Biomineralization, for example, is the process whereby soft-bodied invertebrates generate very hard 
materials such as shells and mouthparts, and is the focus of many research laboratories puzzled as to how 
the animals achieve this at ambient temperatures and without the large-scale application of high pressures 
and environmentally harmful chemicals that current manufacturing demands (e.g. Allen 2010). Especially 
interesting applications of this research are sponge spicules as models for optical fibres and mollusc nacre 
inspiring machine components (Aizenberg et al 2004; Barthelat 2010). The field is wonderfully interesting and 
varied; for example, the transfer of moth eye technology to solar cells (Dewan, 2012). 
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Biodiversity and Engineering: As with energy and materials, industry appears to be far more aware of the 

potential of invertebrate and microbial biodiversity for its needs than biologists and recognise it as a significant 
resource for thousands of projects, only a few can be mentioned here. Knowledge of fire beetles has lead to 
the development of a new generation of fire detectors, based on beetle technology, capable of detecting fires 
many kilometres distant (Klocke et al. 2011; Schmitz and Bousak 2012). Social insects have inspired design 
for engineers, computer scientists and architects (Holbrook et al. 2010). Arthropods are the focus of robotics 
research both for walking (e.g. Delcomyn 2004) and flying robots (e.g. http: //www.fir.epfl.ch/home). Perhaps 
the most futuristic application of microbial technology is as arrays of bacterial colonies or ‘biopixels’ organised 
as low-cost biosensors (Prindle et al. 2012). 

Biodiversity, Mining and Bioremediation: Microbial biodiversity harbours many kinds of organisms that 
metabolise metal salts that can be utilised on an industrial scale to sequester metals. In biomining the substrates 
are often mine tailings where inoculation with bacteria such as Leptospirillum and Ferroplasma yield liquid 
cultures’ from which precious or base metals are harvested (Rawlings and Johnson 2007; Reith et al.2009; 
http: //bart.bangor.ac.uk/documents/Mining%20and%20Microbiology 

The bioremediation industry also exploits microbial biodiversity and a wide variety of microbial species have 
been discovered that usefully metabolise many kinds of toxic contaminants. Examples include Deinococcus, a 
bacterium widely used for the bioremediation of radioactive waste sites. (Brim et al. 2000); Hymenoscyphus 
and Rhizopogon , two soil fungi that break down depleted uranium in war-contaminated soils (Fomina et 
al. 2008); Cyanobacterial/Microalgal consortia developed for the control of many different industrial waste 
products(Subashchandrabose et al. 2011). Pestalotiopsis is the first fungus to survive only on polyurethane 
(plastic) waste (Russell et al. 2012). 

Biodiversity and the Pharmaceutical Industry: This is classical bioprospecting and the most familiar area of 
biodiversity exploration, although most research has moved away from rainforest plants to the microbes and 
invertebrates of the oceans, seafloor, and extreme environments, all of which harbour immense metabolic 
and chemical diversity (e.g. Liu et al. 2010). The microbiome is the complex community of microbes that 
inhabits the surfaces and interiors of all species, including crop plants, endangered species - and ourselves, 
and is an exciting new area of research into microbial biodiversity. Very often, the numbers of microbial cells 
of a microbiome greatly outnumber the cells of the organism with which it is associated. Current research 
is exploring microbial biodiversity to understand the microbiome and to manage it, when necessary, with 
microbially-derived pharmaceuticals (Bascom-Slack et al. 2012; HMPC 2012; Waite et al. 2012). 

Biodiversity and Carbon Management: Bacteria, algae and fungi are all major players in the global carbon 
cycle. In this context too they are essential to the survival of humanity, but the diversity of even the dominant 
groups is still poorly understood and almost nothing is known of any possible need for their conservation 
(e.g. Jiao et al. 2010). 

The importance of including microbial and invertebrate biodiversity in conservation can perhaps be 
summarised under six headings: 

1. Inform 

To inform the biodiversity-based industries with the knowledge of the species upon which they depend. Primary 
and many other industries utilize microbial and invertebrate biodiversity as basic resources in many ways. 
Biodiversity bioprospecting is no longer confined to the pharmaceutical industry and is carried out by a wide 
variety of industries seeking species, life-history traits, adaptations, metabolic pathways, enzymes, behaviours, 
structures, and materials, mainly among microbial and invertebrate biodiversity, in every ecosystem on Earth 
(Beattie and Ehrlich 2004). 

2. Explain 

To explain ecosystem services in terms of the actual organisms that provide them and the mechanisms and 
functions involved (Vandermeer et al. 2010). In this context, the practical economic values of this major sector 
of biodiversity becomes manifest (Saunders and Walker 1998; Cardinale et al. 2012). 

3. Reveal 

To reveal the vast resources to be found in microbial and invertebrate biodiversity. If in doubt, check out 
the journal Bioinspiration and Biomimetics (http://iopscience.iop.org/1748-3190/) which is replete with 
engineering and medical projects largely based on these resources. 

4. Increase conservation 

To spread the responsibility for conservation. As biodiversity is a resource for many industries, its conservation 
is not just an issue for conventional conservation organisations. Inclusion places it in sectors either not 
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normally associated with it. Biodiversity conservation becomes the concern for a far wider array of both public 
and private sectors. 

5. Reduce enemies 

As long as biodiversity is presented to the world as a small number of species, of concern mostly to relatively 
affluent groups that are easily and pejoratively labelled ‘greenies’, we continue to make unnecessary enemies 
of the individuals, lobby groups and industries who, because of that presentation, continue to be blind to its 
multiple economic benefits - and even to the fact that they depend on it. 

6. Action 

Finally reveal the conservation status of microbial and invertebrate species, especially those critical to society 
and industry. While it seems unlikely that many of these species are endangered globally, some appear to be 
going extinct locally or even regionally. Local extinction of critical species, such as nitrogen-fixers, is often 
costly and, as has been shown with earthworms, leads to widespread replacement by exotic species. 

Biodiversity is a concept that integrates conservation and industry. The economic and social benefits of 
microbial and invertebrate biodiversity are so great and pervasive that their inclusion in economic policy will 
reduce the seemingly insurmountable costs of conventional biodiversity conservation (McCarthy et al. 2012). 
Its importance to such a wide range of industries places it at the core of global natural capital and its inclusion 
could be one of the transformative changes required to achieve the sustainability of global civilization (Ehrlich, 
Kareiva and Daily 2012). 

References 
Achtman M, Wagner M. (2008) Microbial diversity and the genetic nature of microbial species. Nature Reviews 

Microbiology 6: 431-440. 
Aizen MA, Garibaldi LA, Cunningham SA et al. (2008) Long-term global trends in crop yield and production 

reveal no current pollination shortage but increasing pollination dependency, Current Biology 18: 1572- 
1575. http: //dx.doi.org/10.1016/j.cub.2008.08.066 

Aizenberg J, Sundar VC, Yablon A. et al. (2004) Biological glass fibres. PNAS 101: 3358-3363. http: //dx.doi. 
org/10.1073/pnas.0307843101 

Allen R. (ed) (2010) Bulletproof Feathers: How Science Uses Natures Secrets to Design Cutting-Edge Technology. 
University of Chicago Press, Chicago. 

Avrani S, Wurtzel O, Sharon I. et al. (2011) Genomic island variability facilitates Prochlorococcus - virus 
coexistence. Nature 474: 604-608. http: //dx.doi.org/10.1038/naturel0172 

Barthelat F (2010) Nacre from mollusc shells: a model for high-performance structural materials. Bioinspiration 
and Biomimicry doi: 10.1088/1748-3182/5/3035001 

Bascom-Slack CA, Arnold AE, Strobel SA (2012) Student-directed discovery of the plant microbiome and its 
products. Science 338: 485-486. http: //dx.doi.org/10.1126/science.1215227 

Beattie AJ (1985) The Evolutionary Ecology of Ant-Plant Mutualisms. (Cambridge University Press), http: // 
dx.doi.org/10.1017/CB09780511721878 

Beattie AJ, Ehrlich PR (2004) Wild Solutions: Why Biodiversity is Money in the Bank. (Yale University Press, 
Newhaven, USA; Melbourne University Press, Melbourne, Australia). 

Beatty PH, Good AG (2011) Future prospects for cereals that fix nitrogen. Science 333:416-417. http: //dx.doi. 
org/10.1126/science. 1209467 

Berka RM, Grigoriev IV, Otilla, R. et al. (2011) Comparative genomic analysis of the thermophilic biomass¬ 
degrading fungi Myceliophthora thermophila and Thielavia terrestris. Nature Biotechnology 29: 922-927. 
http: //dx.doi.org/10.1038/nbt. 1976 

Biello D (2012) Putting the sting on mealy marauders: Thailand unleashes South American wasps to save its 
Cassava crop. Scientific American 21 July. 

Blanche R, Cunningham SA (2005) Rain forest provides pollinating beetles for Atemoya crops. Journal of 
Economic Entomology 98: 1193-1201. http: //dx.doi.org/10.1603/0022-0493-98.4.1193 

Blanche R, Ludwig JA, Cunningham SA (2006) Proximity to rainforest enhances pollination and fruit set in 
orchards. Journal of Applied Ecology 43: 1182-1187. http: //dx.doi.org/10.1111/j. 1365-2664.2006.01230.x 

Boyer S Brown SD, Collins RA et al. (2012) Sliding window analyses for optimal selections of mini-barcodes, 
and application to 454-pyrosequencing for specimen identification from degraded DNA. PLoS ONE 7(5) 

e38215. http: //dx.doi.org/10.1371/journal.pone.0038215 
Brim H, McFarlan S, Fredrickson JK et al. (2000) Engineering Deinococcus radiodurans for metal remediation 

in radioactive mixed waste environments. Nature Biotechnology 18:85-90. http: //dx.doi.org/10.1038/71986 
Cardinale BJ, Duffy JE, Gonzalez A. et al. (2012) Biodiversity loss and its impact on humanity. Nature 486: 

59-67. http: //dx.doi.org/10.1038/naturelll48 



Biodiversity's enemies Telopea 16: 185-193, 2014 191 

Carnegie AJ, Cooper K (2011) Emergency response to the incursion of an exotic myrtaceous rust in Australia. 
Australasian Plant Pathology 40: 346-359. http: //dx.doi.org/10.1007/sl3313-011-0066-6 

Carreiro MM, Sinsabaugh RL, Repert DA et al. (2000) Microbial enzyme shifts explain litter decay 
responses to simulated nitrogen deposition. Ecology 81: 2359-2365. http: //dx.doi.org/10.1890/0012- 
9658(2000)081 [2359: MESELD]2.0.CO;2 

Clabby C (2010) Does peak phosphorus loom? American Scientist 98: 291. 
Collen B, Bohra M, Baillie JEM (eds.) (2012) Spineless: Status and Trends of the World’s Invertebrates. 

Zoological Society of London. U.K. 
Colwell R (1997) Biota 4d: Biota Software Program. Sinauer Associates Inc., New York. 
Costello MJ, May RM, Stork NE (2013) Can we name Earth’s species before they go extinct? Science 339: 

413-416. http: //dx.doi.org/10.1126/science.1230318 
De Deyn GB, Raaijmakers CE, Zoomer HR, Berg MP, de Ruiter PC, Verhoef HA, Bezemer TM, van der Putten 

WH (2003) Soil invertebrate fauna enhances grassland succession and diversity. Nature 422: 711-713. http: 
/ / dx.doi.org/10.103 8/natureO 1548 

Delcomyn F (2004) Insect walking and robotics. Annual Review of Entomology 49: 51-70. http: //dx.doi. 
org/10.1146/annurev.ento.49.061802.123257 

Demain AL (2000) Small bugs, big business: the economic power of the microbe. Biotechnology Advances 18: 
499-514. http: //dx.doi.org/10.1016/S0734-9750(00)00049-5 

De Vries FT, Bardgett RD (2012) Plant-microbial linkages and ecosystem nitrogen retention. Frontiers in 
Ecology and Environment 10: 425-432. http: //dx.doi.org/10.1890/110162 

Dewan R, Fische S, Meyer-Rochow VB, Ozdemir Y, Hamraz S, Knipp D (2012) Studying nanostructured 

nipple arrays of moth eye facets helps to design better then film solar cells. Bioinspiration and Biomimicry 
7: 016003. http://dx.doi.Org/%2010.1088/1748-3182/7/l/016003 

Ehrlich PR, Kareiva PM, Daily GC (2012) Securing natural capital and expanding equity to rescale civilization. 
Nature 486: 68-73. http: //dx.doi.org/10.1038/naturel 1157 

Evans TA, Dawes TZ, Ward PR, Lo N (2011) Ants and termites increase crop yield in a dry climate. Nature 
Communication. 2: 262. http: //dx.doi.org/10.1038/ncommsl257 

Fierer N, Ladau J, Clements JC et al. (2013) Reconstructing the microbial diversity and function of pre- 
agricultural Tallgrass Prairie soils in the United States. Science 342: 621-624. http: //dx.doi.org/10.1126/ 
science.1243768 

Fomina M, Charnock JM, Hillier S (2008) Role of fungi in the biogeochemical fate of depleted uranium. 
Current Biology 18: R375-R377. http: //dx.doi.org/10.1016/j.cub.2008.03. 011 

Freeman MF, Gurgui C, Maximilian JH et al. (2012) Metagenome mining reveals polytheonamides as 
post-translationally modified ribosomal peptides. Science 338: 387-390. http: //dx.doi.org/10.1126/ 
science. 1226121 

Garibaldi LA, Steffan-Dewenter I, Kremen C. et al. (2011) Stability of pollination services decreases with 
isolation from natural areas despite honeybee visits. Ecology Letters 14: 1062-1072. http: //dx.doi. 
org/10.1111/j.l461-0248.2011.01669.x 

Garibaldi LA, Aizen MA, Klein AM et al. (2010) Global growth and stability of agricultural yield decrease with 
pollinator dependence. PNAS 108: 5909-5914. http: //dx.doi.org/10.1073/pnas.l012431108 

Georgianna DR, Mayfield SP (2012) Exploiting diversity and synthetic biology for the production of algal 
biofuels. Nature 488: 329-335. http: //dx.doi.org/10.1038/naturel 1479 

Gewin V (2012) The sequencing machine. Nature 487: 156-158. http: //dx.doi.org/10.1038/487156a 
Grayson M (2011) Biofuels: Sowing substitutes for fossil fuels. Nature Outlook 474: S1-S25. http: //dx.doi. 

org/10.1038/474S01a 
Hawksworth DL (1996) Microorganisms: the neglected rivets in ecosystem maintenance. In: Biodiversity, 

Science and Development, di Castri, F. and Younes, T. (eds.) (CAB International, UK). 
Hayden EC (2012a) Nanopore genome sequencer makes its debut. Nature Biotechnology 18: 630-634. 
Hayden EC (2012b) Next-generation genome sequences compared. Nature 507: 294-295. 
Heard TA, Vithanage V, Chacko EK (1990) Pollination biology of Cashew in the Northern Territory of Australia. 

Australian Journal of Agricultural Research 41: 1101-1114. http: //dx.doi.org/10.1071/AR9901101 
HMPC (2012) - The Human Microbiome Project Consortium. Structure, function and diversity of the healthy 

human microbiome. Nature 486: 207-214. http: //dx.doi.org/10.1038/naturel 1234 

Holbrook CT, Clark RM, Moore D et al. (2010) Social insects inspire human design. Biology Letters: 431-433. 
http: //dx.doi.org/10.1098/rsbl.2010.0270 

Isaacs R, Tuell J, Fiedler A et al. (2009) Maximizing arthropod-mediated ecosystem services in agricultural 
landscapes: the role of native plants. Frontiers in Ecology and the Environment 7: 196-203. http: //dx.doi. 
org/10.1890/080035 

Jeschke JM, Aparicio LG, Haider S et al. (2012) Taxonomic bias and lack of cross-taxonomic studies in invasion 
biology. Frontiers in Ecology and the Environment 10: 349-350. http: //dx.doi.org/10.1890/12.WB.016 



192 Telopea 16: 185-193, 2014 Beattie 

Jiao N, Herndl GJ, Hansell DA, et al. (2010) Microbial production of recalcitrant dissolved organic matter: 
long-term carbon storage in the global ocean. Nature Reviews Microbiology 8: 593-599. http: //dx.doi. 
org/10.1038/nrmicro2386 

Kean JM, Vink CJ, Till C (2012) Real-time remote diagnostics for ecology. Frontiers in Ecology and the 
Environment 10: 99-104. http: //dx.doi.org/10.1890/110065 

Keeling PJ, Burger G, Durnford DG et al. (2005) The tree of eukaryotes. Trends in Ecology and Evolution 
12: 670-676. http: //dx.doi.org/10.1016/j.tree.2005.09.005 

Kennedy C, Lonsdorf E, Neel M. et al. (2013) A global quantitative synthesis of local and landscape effects on 
native bee pollinators in agroecosystems. Ecology Letters (in press), http: //dx.doi.org/10.Ill 1/ele. 12082 

Khan AA, Jilani G, Akhtar MS et al. (2009) Phosphorus solubilising bacteria: occurrence, mechanisms and 
their role in crop production. Journal of Agricultural and Biological Science 1: 48-58. 

Klein AM, Vaissiere BE, Cane JH et al. (2007) Importance of pollinators in changing landscapes for world 
crops. Proceedings Royal Society B 274: 303-313. http: //dx.doi.org/10.1098/rspb.2006.3721 

Klocke D, Schmitz A, Soltner H. et al. (2011) Infrared receptors in pyrophilous (fire-loving) insects as a 
model for new un-cooled infrared sensors. Beilstein Journal of Nanotechnology 2: 186-197. http: //dx.doi. 
org/10.3762/bjnano.2.22 

Lavelle P, Dangerfield M, Fragoso C et al. (1994) The relationship between soil macrofauna and tropical soil 
fertility. In: The Biological Management of Tropical Soil Fertility, Woomer, P.L. and Swift, M.J. (eds.) pp 
137-169. (Wiley-Sayce, New York). 

Lawton JH, Bignell DE, Bloemers GF et al. (1996) Carbob flux and diversity of nematodes and termites in 
Cameroon forest soils. Biodiversity and Conservation 5: 261-273. http: //dx.doi.org/10.1007/BF00055835 

Lienau EK, et al. (2011) The mega-matrix of life: using genome-scale horizontal gene transfer and sequence 
evolution data as information about the vertical history of life. Cladistics 27: 417-427. http: //dx.doi. 
org/10.1111/j.l096-0031.2010.00337.x 

Liu X, Ashforth E, Ren B et al. (2010) Bioprospecting microbial natural products libraries from the marine 
environment for drug discovery. Journal of Antibiotics 63: 415-422. http: //dx.doi.org/10.1038/ja.2010.56 

Lohrer AM, Thrush SF, Gibbs MM (2004) Bioturbators enhance ecosystem function through complex 

biogeochemical interactions. Nature 431: 1092-1096. http: //dx.doi.org/10.1038/nature03042 
Losey JE, Vaughan M (2006) The economic value of ecological services provided by insects. BioScience 56: 

311-323. http: //dx.doi.org/10.1641/0006-3568(2006)56[311: TEVOES]2.0.CO;2 
Lozupone CA, Stombough SJ, Jansson JK et al. (2012) Diversity, stability and resilience of the human gut 

microbiota. Nature 489: 220-230. http: //dx.doi.org/10.1038/nature 11550 
Majer JD (1986) Utilising economically beneficial ants. In: S. Bradleigh-Vinson (Ed.) Economic Impact and 

Control of Social Insects. Pp. 314-331. (Praeger, New York). 
Mandelik Y, Winfree R, Neeson,T, Kremen, C. (2012) Complementary habitat use by wild bees in agro-natural 

landscapes. Ecological Applications 22: 1535-1546. http: //dx.doi.org/10.1890/11-1299.1 
McCarthy DP, Donald PF, Scharlemann JPW et al. (2012) Financial costs of meeting global biodiversity 

conservation targets. Science 338: 946-949. http: //dx.doi.org/10.1126/science. 1229803 
Mendes R, Kruijt M, de Bruijn I et al. (2011) Deciphering the rhizosphere microbiome for disease-suppressive 

bacteria. Science 332: 1097-1100. http: //dx.doi.org/10.1126/science. 1203980 
Mora C, Tittensor DP, Adi S, Simpson AGB, Worm B (2011) How many species are there on Earth and in the 

ocean? PLoS Biol. 9(8) el001127. http: //dx.doi.org/10.1371/journal.pbio. 1001127 
New TR (2006) Conservation Biology in Australia. Oxford University Press. 
Nichols E, Spector S, Louzada J et al. (2008) Ecological functions and ecosystem services provided by Scarabaeinae 

dung beetles. Biological Conservation 141: 1461-1474. http: //dx.doi.org/10.1016/j.biocon.2008.04.011 
Oliver I, Beattie AJ (1996) Designing a cost-effective invertebrate survey: a test of methods for the rapid 

assessment of biodiversity. Ecological Applications 6: 594-607. http: //dx.doi.org/10.2307/2269394 
Oliver I, Pik A, Britton D. et al. (2000) Virtual biodiversity assessment systems. Bioscience 50: 441-450. 

http: //dx.doi.org/10.1641/0006-3568(2000)050[0441: VBAS]2.0.CO;2 

Pandey V, Sinha A (2008) Mycoflora associated with decomposition of rice stubble mixed with soil. Journal of 
Plant Protection Research 48: 247-253. http: //dx.doi.org/10,2478/vl0045-008-0028-3 

Ponder W, Lunney D (1999) The Other 99%. Published by the Royal Zoological Society of New South Wales. 
(Surrey Beatty and Sons, Chipping Norton, Australia). 

Prindle A, Samayoa P, Razinkov I et al. (2012) A sensing array of radically coupled genetic ‘biopixels’. Nature 
481: 39-44. http: //dx.doi.org/10.1038/naturel0722 

Pysek P, Richardson DM, Pergl J et al. (2008) Geographical and taxonomic biases in invasion ecology. TREE 23: 
237-244. http: //dx.doi.org/10.1016/j.tree.2008.02.002 

Ramankutty N, Rhemtulla J (2012) Can intensive farming save nature? Frontiers in Ecology and the Environment 
10: 455. http: //dx.doi.org/10.1890/1540-9295-10.9.455 



Biodiversity's enemies Telopea 16: 185-193, 2014 193 

Rawlings DE, Johnson DB (2007) The microbiology of biomining. Microbiology 153: 315-324. http: //dx.doi. 
org/10.1099/mic.0.2006/001206-0 

Redford KH, Jensen DB, Breheny JJ (2012) Integrating the captive and the wild. Science 338: 1157-1158. http: 
//dx. doi.org/10.1126/science. 1228899 

Reith F, Etschmann B, Grosse C et al. (2009) Mechanisms of gold biomineralization in the bacterium 

Cupriavidus metallidurans. PNAS http: //dx.doi.org/10.1073/pnas.0904583106 
Remadevi OK, Sasisharan TO, Balachander M (2010) Metarhizium-based mycoinsecticides for forest pest 

management. Journal of Biopesticides 3: 470-473. 
Ricketts TEfRegetz J, Steffan-Dewenter I et al. (2008) Landscape effects on crop pollination services: are there 

general patterns? Ecology Letters 11: 499-515. http: //dx.doi.org/10.1111/j.1461-0248.2008.01157.x 
Rico-Gray V, Oliveira PS (2007) The Ecology and Evolution of Ant-Plant Interactions. (University of Chicago 

Press, Chicago), http: //dx.doi.org/10.7208/chicago/9780226713540.001.0001 
Rodrigues JLM, Pellizari VH, Mueller R et al. (2012) Conversion of the Amazon rainforest to agriculture results 

in biotic homogenization of soil bacterial communities. PNAS 110: 988-993. http: //dx.doi.org/10.1073/ 
pnas. 1220608110 

Russell JR, Huang J, Anand P et al. (2011) Biodegradation of polyester polyurethane by endophytic fungi. 
Applied and Environmental Microbiology 77: 6076-6084. http: //dx.doi.org/10.1128/AEM.00521-ll 

Saunders D, Walker B (1998) Biodiversity and Agriculture. Reform 6: 11-16. National Farmers Federation. 
Schmitz H, Bousak H (2012) Modelling a historic oil-tank fire allows estimation of the sensitivity of the 

infrared receptors in pyrophilous Melanophila beetles. PLoS ONE 7(5) e37627. Doi: 10.1371/journal.pone. 
0037627. 

Smith S, Jakobsen I, Gronlund M et al. (2011) Roles of arbuscular mycorrhizas in plant phosphorus nutrition. 
Plant Physiology 156: 1050-1057. http: //dx.doi.org/10.1104/pp.lll.174581 

Steffan-Dewenter I (2003) Importance of habitat area and landscape context for species richness of bees and 
wasps in fragmented orchard meadows. Conservation Biology 17: 1036-1044. http: //dx.doi.org/10.1046/ 
j. 1523-1739.2003.01575.x 

Stinner BJ, House GJ (1990) Arthropods and other invertebrates in conservation-tillage agriculture. Annual 
Review of Entomology 35: 299-318). http: //dx.doi.org/10.1146/annurev.en.35.010190.001503 

Subashchandrabose SR, Ramakrishnan B, Megharaj M et al. (2011) Consortia of cyanobacteria/microalgae 
and bacteria: biotechnological potential. Biotechnology Advances 29: 896-906. http: //dx.doi.org/10.1016/j. 
biotechadv.2011.07.009 

Thaman R (2014) Agrodeforestation and the loss of agrobiodiversity in the Pacific Islands: a call for 
conservation. Pacific Conservation Biology 20: 180-192. 

Taylor JR, Stocker R (2012) Trade-offs of chemotactic foraging in turbulent water. Science 338: 675-679. http: 
//dx.doi.org/10.1126/science. 1219417 

Van der Heijden MGA, Klironomos JN, Ursic M et al. (1998) Mycorrhizal fungal diversity determines plant 
biodiversity, ecosystem variability and productivity. Nature 396: 69-72. http: //dx.doi.org/10.1038/23932 

Vandermeer J, Perfecto I, Philpott S (2010). Ecological complexity and pest control: uncovering an autonomous 
ecosystem service. BioScience 60: 527-537. http: //dx.doi.org/10.1525/bio.2010.60.7.8 

Waite DW, Deines P, Taylor MW (2012) Gut microbiome of the critically endangered New Zealand parrot, the 
Kakapo. PLoS ONE doi: 10.1371/journal.pone.0035803. http: //dx.doi.org/10.1371/journal.pone.0035803 

Westphal C, Steffan-Dewenter I, Tscharntke T (2003) Mass flowering crops enhance pollinator densities at a 
landscape scale. Ecology Letters: 961-965. http: //dx.doi.org/10.1046/j. 1461-0248.2003.00523.x 

Whitford WG (1996) The importance of the biodiversity of soil biota in arid ecosystems. Biodiversity and 
Conservation 5: 185-195. http: //dx.doi.org/10.1007/BF00055829 

Wijffels RH, Barbosa MJ (2010) An outlook on microalgal biofuels. Science 329: 796-799. http: //dx.doi. 
org/10.1126/science. 1189003 

Windley MJ, Herzig V, Dziemborowicz SA et al. (2012) Spider venom peptides as bioinsecticides. Toxins 4: 

191-227. http: //dx.doi.org/10.3390/toxins4030191 
Wrighton KC, Thomas BC, Sharon I et al. (2012) Fermentation, hydrogen, and sulphur metabolism in multiple 

uncultivated bacterial phyla. Science 337: 1661-1665. http: //dx.doi.org/10.1126/science. 1224041 
Yooseph S, Nealson KH, Rusch DP et al. (2010) Genomic and functional adaptations in surface planktonic 

prokaryotes. Nature 468: 60-66. http: //dx.doi.org/10.1038/nature09530 

Manuscript received 2014, accepted 2014 





Volume 16: 195-211 

Publication date: 8 December 2014 

dx.doi.org/10.7751/telopea20148124 

Telopea 
Journal of Plant Systematics 

The Royal 

Botanic Gardens 
& Domain Trust 

plantnet.rbgsyd.nsw.gov.au/Telopea • escholarship.usyd.edu.au/journals/index.php/TEL • ISSN 0312-9764 (Print) • ISSN 2200-4025 (Online) 

The lichen genus Rhizocarpon in mainland Australia 

Patrick M. McCarthy1 and John A. Elix2 

Australian Biological Resources Study, GPO Box 787, Canberra, ACT 2601, Australia Patrick.McCarthy@environment.gov au 

2Research School of Chemistry, Building 137, Australian National University, Canberra, 

ACT2601, Australia, John.Elix@anu.edu.au 

Abstract 

Two species of the lichen genus Rhizocarpon Ramond ex DC. (Rhizocarpaceae, Ascomycota), R. flavomedullosum Elix 

& P.M.McCarthy and R. vigilans P.M.McCarthy & Elix, are described as new to science. Six others [R. adarense (Darb.) 

I.M.Lamb, R. eupetraeoides (Nyl.) Blomb. & Forssell, R. geminatum Korb., R. intersitum Arnold, R. lavatum (Fr.) Hazsl. and 

R. lecanorinum Anders] are reported from Australia for the first time. Variation in the composition of lichen substances is 

documented, and a key is provided to the 18 Australian taxa. 

Introduction 

Rhizocarpon Ramond ex DC. (Rhizocarpaceae) is a genus of c. 200 crustose species with areolate thalli, a usually 
distinct prothallus, diverse thalline chemistry, innate to superficial lecideine apothecia, mostly anastomosing 
and conglutinate paraphyses, distinctive 1-8-spored asci and hyaline to greenish black, halonate, ellipsoid 
ascospores that can be transversely septate or submuriform to densely muriform. Although predominantly 
free-living, a substantial minority of species are parasitic on other lichens, at least early in their development. 
The genus is most diverse and abundant on siliceous rocks in montane habitats and at temperate to higher 
latitudes; it is much rarer or completely absent in the wet and dry tropics and subtropics and in hot-arid 
regions. 

This genus is especially well documented in temperate to boreal Europe and North America (Runemark 
1956a, b; Geyer et al. 1984; Clauzade and Roux 1985; Timdal and Holtan-EIartwig 1988; Feuerer 1991; 
Wirth 1995; Thomson 1997; Brodo et al. 2001; Fryday 2000a, 2002, 2004, 2010; Feuerer and Timdal 2004; 
Ihlen 2004; Fletcher et al. 2009; Golubkov and Matwiejuk 2009), less so at austral latitudes (Fryday 2000b, 
2004; 0vstedal and Fewis Smith 2001; Galloway 2007; Fryday and Kantvilas 2012). Until recently, only nine 
species were known from Australia, mainly in Tasmania and southern parts of the Great Dividing Range: the 
pantemperate and rather common R. badioatrum (Florke ex Spreng.) Th.Fr., R. geographicum (F.) DC. and 

R. reductum Th.Fr., along with sparse collections ofR. disporum (NageliexFlepp) Mull.Arg.,R. distinctum Th.Fr., 
R.petraeum (Wulfen) A.Massal.,R.polycarpum (Hepp) Th.Fr.,R. superficiale (Schaer.) Malme andR. viridiatrum 

(Wulfen) Korb. (McCarthy 2014). Fryday and Kantvilas (2012) described a new species, R. austroamphibium, 
from Tasmania and, significantly, highlighted the paucity of Australian species in comparison with the British 
Isles (39 taxa) and New Zealand (24). They predicted that a careful assessment of unidentified herbarium 
collections combined with field-work ‘would dramatically increase the number of species reported’. 

© 2014 Royal Botanic Gardens and Domain Trust 
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In this paper 16 species are documented from southern New South Wales, Victoria, South Australia, south¬ 
western Western Australia and the Australian Capital Territory; two are newly described and a further six are 
additions to the national flora. Continuing investigations in these areas, and particularly in Tasmania, are likely 
to further expand the known diversity of Rhizocarpon in Australia. 

Methods 

Observations and measurements of photobiont cells, thallus and apothecium anatomy, asci and ascospores were 
made on hand-cut sections mounted in water and 10% KOH (K). Asci were also observed in Lugol’s Iodine (I), 
with and without pretreatment in K. Chemical constituents were identified by thin-layer chromatography (Elix 
2014), high-performance liquid chromatography (Elix et al. 2003) and comparison with authentic samples. 

The Species 

1. Rhizocarpon adarense (Darb.) I.M.Lamb, Lilloa 14: 221 (1948) 

Thallus epilithic, determinate, pale to vivid yellow-green, areolate; areoles 0.3-3.0 mm wide, smooth, plane to 
strongly convex, aggregated and angular or scattered and more rounded; medulla mainly yellow, I-. Prothallus 
black, distinct between areoles and at thallus margin. Apothecia numerous, usually solitary, black, round to 
angular, innate between areoles, 0.25-1.50 mm diam.; disc plane to weakly convex; proper margin becoming 

excluded. Asci 60-80 x 14-18 pm. Ascospores 8 per ascus, dark green to dark brown, 1-septate, broadly ellipsoid, 
11-18 x 5-10 pm. 

Detailed descriptions and illustrations are provided in Darbishire (1923, as Buellia adarensis Darb., and its 
synonyms Buellia flavoplana Darb., B. superha Darb., B. tristis Darb. and B. variabilis Darb.). 

Chemistry: Rhizocarpic acid (Table 1). 

Rhizocarpon adarense is characterized by its yellow-green, areolate thallus containing only rhizocarpic acid 
and bordered by a black prothallus, a yellow, non-amyloid medulla, plane to weakly convex apothecia and 
rather small, 1-septate ascospores. Rhizocarpon superficial is similar but differs in having an inconspicuous 
prothallus, a white medulla, apothecia with a persistent proper margin, and in containing norstictic or stictic 
acids in addition to rhizocarpic acid. 

Rhizocarpon adarense is reported here for the first time from Australia; it was collected from submontane, 
siliceous rocks in the Australian Capital Territory. Elsewhere, it occurs in Antarctica and Argentina (0vstedal 
and Lewis Smith 2001; Calvelo and Liberatore 2002). 

Specimens examined: Australian Capital Territory: W slopes of Black Mountain, 35°16'S, 149°06'E, alt. 

700 m, on sandstone in Eucalyptus woodland, JA. Elix 1386, 1 Dec 1975 (CANB); Black Mountain Reserve, along trail, 

35°16'S, 149°06'E, alt. 640 m, on sandstone in dry Eucalyptus woodland, JA. Elix 6122, 8 Jul 1979 (CANB). 

2. Rhizocarpon badioatrum (Florke ex Spreng.) Th.Fr., Lichenographia Scandinavica 2: 613 (1874) 

Already known from south-eastern Queensland, New South Wales, Victoria and Tasmania (McCarthy 2014), 
this lichen is newly reported from the Australian Capital Territory. It also occurs in Europe, Macaronesia, 
southern Africa, South-East Asia, Papua New Guinea, North America, Argentina and Antarctica (Timdal and 
Holtan-Hartwig 1988; Thompson 1997; 0vstedal and Lewis Smith 2001; Feuerer and Timdal 2004; Fletcher 
et al. 2009). 

Chemistry: This species has been reported to produce stictic acid, diffractaic acid or to lack lichen substances 
(Timdal and Holtan-Hartwig 1988; Fletcher et al. 2009). In fact Timdal and Holtan-Hartwig (1988) treated 
the stictic acid chemotype as R. cinereonigrum Vain., and considered that the diffractaic acid chemotype may 
also represent an independent species. In the present study, we found that R. badioatrum invariably contained 
bourgeanic acid, a new chemotype (Table 1). 

Selected specimens examined: Australian Capital Territory: along Kangaroo Creek near Corin Dam, 35°32'S, 148°53'E, 

alt. 1000 m, on granite in Eucalyptus forest, J.A. Elix 1343, 25 Nov 1975 (CANB); Booroomba Rocks, 11 km SW of 

Tharwa, 35°31'S, 149°04'E, alt. 1360 m, on exposed granite in subalpine heath,/.A. Elix 6154 (part), 11 Jul 1979 (CANB); 

below summit, Mt Bimberi, Namadgi National Park, 35°39'27"S, 148°47'20"E, alt. 1882-1900 m, on exposed granite, 

P.M. McCarthy 4132, 4133 (part), 12 Dec 2013 (CANB). New South Wales: Northern Tablelands (Jacobs and Pickard 

1981): Dilgry Circle Road, Barrington Tops State Forest, 41 km NW of Gloucester, 31°52'S, 151°31'E, alt. 1240 m, on rock 

face in dry sclerophyll forest with granite boulders, J.A. Elix24925 (part), H. Streimann 44551, 44562,26 Apr 1990 (CANB); 

Southern Tablelands: 46 km S of Cooma along the Snowy Mountains Highway, alt. 1150 m, on granite in pasture, J.A. Elix 
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5451, 23 Nov 1978 (CANB); Southern Tablelands: Big Badja Hill, 47 km NE of Cooma, 36°00'S, 149°34'E, alt. 1360 m, on 

metamorphic rock in heath with Ghania subaequiglumis, D. Verdon 3468,2 Mar 1978 (CANB). Victoria: Midlands (Conn 

1993): Horan Track, Tallarook State Forest, 17 km S of Seymour, 37°11'S, 145°10'E, alt. 600 m, on exposed rock outcrop 

in dry sclerophyll forest, H. Streimann 36060,25 Dec 1985 (CANB); East Gippsland: Mt Ellery, Errinundra National Park, 

29 km SSW of Bendoc, 37°24'S, 148°47'E, alt. 1280 m, on large, semi-exposed boulder in wet sclerophyll forest, 

H. Streimann 47913, 17 Apr 1991 (CANB). 

3. Rhizocarpon disporum (Nageli exHepp) Miill.Arg., Revue Mycologique Toulouse 1: 170 (1879) 

This lichen is known from Europe, Arctic Eurasia, Morocco, Turkey, South Africa, Central Asia, China, North 
America, Greenland, Bolivia, Chile, Argentina, islands in the South Atlantic Ocean, Antarctica and New Zealand 
(Timdal and Holtan-Hartwig 1988; Feuerer 1991; Ovstedal and Lewis Smith 2001; Feuerer and Timdal 2004; 
Galloway 2007; Golubkov and Matwiejuk 2009). In Australia it occurs in New South Wales and the Australian 
Capital Territory (McCarthy 2014). 

Chemistry: Chemotypes of this species have been reported to contain stictic acid and/or norstictic acid (Timdal 
and Holtan-Hartwig 1988; Feuerer and Timdal 2004; Galloway 2007) or to lack lichen substances (Timdal and 
Holtan-Hartwig 1988). We have encountered a new chemotype in the present study which contains bourgeanic 
acid (Table 1). 

Specimens examined: Australian Capital Territory: Mt Tennent, 28 km SSW of Capital Hill, Canberra, 35°34'S, 149°04'E, 

alt. 1370 m, on rock on dry sclerophyll ridgetop dominated by huge granite boulders, H.Streimann 38919, 22 Oct 1987 

[stictic acid] (CANB). New South Wales: Central Tablelands: just below summit of Mt Canobolas, c. 13 km SW of Orange, 

33°20'40"S, 148°58'56"E, alt. c. 1390 m, on weathered volcanic outcrop on heath, with scattered Eucalyptus and Acacia, 

P.M. McCarthy 4322, 1 Apr 2014 [no lichen substances] (CANB); Southern Tablelands: Blue Lake, S of Mt Twynam, 

Mount Kosciuszko National Park, 36°24'S, 148°19'E, on schist rocks, H. Hertel 31791 &H. Mayrhofer, 1 Mar 1985 [stictic 

acid] (CANB); Southern Tablelands: 8 km E of Cooma on road to Numeralla, 36°11'S, 149°13'E, on granite outcrop in 

grassland, W.A. Weber L-49052 & D. McVean, 2 Oct 1967 [bourgeanic acid] (CANB). 

4. Rhizocarpon distinctum Th.Fr., Lichenographia Scandinavica 2: 625 (1874) 

Previously known from Victoria (McCarthy 2014), this lichen is newly reported from New South Wales and 

the Australian Capital Territory. It also occurs in western and south-eastern Europe, Arctic Eurasia, Greenland, 
North America, southern South America, Antarctica and New Zealand (Timdal and Holtan-Hartwig 1988; 
Feuerer 1991; Ovstedal and Lewis Smith 2001; Feuerer and Timdal 2004; Galloway 2007; Fletcher et al. 2009; 
Golubkov and Matwiejuk 2009,2011). 

Chemistry: Rhizocarpon distinctum has been reported to produce stictic acid and accessory gyrophoric acid 
(Timdal and Holtan-Hartwig 1988; Feuerer 1991; Ovstedal and Lewis Smith 2001; Ihlen 2004; Galloway 2007; 
Fletcher et al. 2009). In the present study we have found a new chemotype containing norstictic acid, with 
bourgeanic acid a further accessory substance in this species (Table 1). 

Selected specimens examined: Australian Capital Territory: summit area, Mt Murray, Namadgi National Park, 

35°41'26"S, 148°47'35"E, alt. 1800-1850 m, on exposed granite in Eucalyptus pauciflora-dominated forest-scrub, 

PM. McCarthy 4130 (part), 4141 (part), 4178 (part), 9 Dec 2013 (CANB); scree slope, Mt Ginini, Namadgi National Park, 

35°31'47"S, 148°46'41"E, alt. 1665 m, on sheltered granite, PM. McCarthy 4184 (part), 10 Dec 2013 (CANB); summit 

area, Mt Scabby, Namadgi National Park, 35°45'08"S, 148°54'35"E, alt. 1809 m, on exposed granite, P.M. McCarthy 4192 

(part), 9 Dec 2013 (CANB); below summit, Mt Bimberi, Namadgi National Park, 35°39'27"S, 148°47'20"E, alt. 1882-1900 

m, on granite, P.M. McCarthy 4271 (part), 12 Dec 2013 (CANB); Mt Clear, Clear Range, 64 km S of Canberra, 35°53'S, 

148°05'E, alt. 1590 m, on exposed granodiorite in Eucalyptus pauciflora forest, H. Streimann 10587,1 Oct 1980 [norstictic 

acid] (CANB). New South Wales: Central Tablelands: W face of Mt Canobolas, 33°20'17"S, 148°58'37"E, alt. 1250 m, on 

weathered volcanic outcrop on heath, with scattered Eucalyptus, J.A. Elix 45999, 1 Apr 2014 [bourgeanic and stictic acids] 

(CANB); Central Tablelands: just below summit of Mt Canobolas, c. 13 km SW of Orange, 33°20'40"S, 148°58'56"E, alt. 

c. 1390 m, on weathered volcanic outcrop on heath, with scattered Eucalyptus and Acacia, P.M. McCarthy 4321,1 Apr 2014 

(CANB). 

5. Rhizocarpon eupetraeoides (Nyl.) Blomb. & Forssell, Enumeratur Plantae Scandinaviae 93 (1880) 

Thallus epilithic, determinate, yellow-green to yellow-grey, areolate; areoles 0.3-1.5 mm wide, smooth, plane 
to moderately convex, aggregated and angular or scattered and more rounded; medulla white, 1+ blue-violet 
or, rarely, I- in part. Prothallus black, distinct between areoles and at thallus margin. Apothecia numerous, 
usually solitary, black, round to angular, innate between areoles, 0.3-1.5 mm diam.; disc plane to weakly 
convex; proper margin becoming excluded. Asci 60-80 x 14-18 pm. Ascospores 8 per ascus, dark green to dark 

brown, 1-septate, broadly ellipsoid, 22-34 x 9-17 pm, rarely simple or with 1 or more additional transverse 
or oblique septa. 
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Detailed descriptions are given in Matwiejuk (2008) and Fletcher et al. (2009) and illustrations are provided in 
Runemark (1956a, as R. atroalbescens (Nyl.) Zahlbr.). 

Chemistry: Previously, this species has been reported to produce rhizocarpic acid together with norstictic 
or psoromic acids (Runemark 1956a; Matwiejuk 2008), or with norstictic or bourgeanic acid (Fletcher et 
al. 2009). The Australian specimens contained rhizocarpic and bourgeanic acids or rhizocarpic acid alone 
(Table 1). 

Rhizocarpon eupetraeoides is characterized by its yellow-green to yellow-grey, areolate thallus, the prominent 
black prothallus, plane to weakly convex apothecia, 1-septate ascospores and, in Australia, by the presence of 
rhizocarpic and bourgeanic acids. Rhizocarpon adarense and R. superficiale are similar, but differ in having 
significantly smaller ascospores and a uniformly I- medulla. 

Rhizocarpon eupetraeoides is reported here for the first time from Australia; it was collected from montane, 
siliceous rocks in southern New South Wales. Elsewhere, it occurs in northern Eurasia, North America, 
Greenland and Japan (Runemark 1956b [as R. atroalbescens]; Thomson 1997; Matwiejuk 2008; Fletcher et al. 
2009). 

Specimens examined: New South Wales: Southern Tablelands: at head of Merricumbene Creek, 11 km S of Monga, 

35°16'S, 149°06'E, alt. 820 m, on metamorphic rocks on open rocky ridge,/.A. Elix 6417,21 Nov 1979 (CANB); Southern 

Tablelands: Scottsdale Bush Eteritage Reserve, 4 km N of Bredbo, 35°55'06"S, 149°08'09"E, alt. 680 m, on exposed sandstone 

rocks in grassland, J.A. Elix 46082, 7 May 2014 (CANB). 

6. Rhizocarpon flavomedullosum Elix & P.M.McCarthy, sp. nov. Figs 1A, 2C 

MycoBank No.: MB810877 

Characterized by the grey, minutely areolate thallus, a non-amyloid medulla that is intensely yellow above 
(containing rhizocarpic acid), prominent apothecia and pigmented, 1-septate ascospores (14—) 18(—21) x 
(6-)8(-10) pm. 

Type: Australia. New South Wales: Southern Tablelands: Badja State Forest, 9 km NE of Numeralla along road 
to Jerangle, 36°07'39"S, 142°22'45"E, alt. 1095 m, on sandstone in open Eucalyptus woodland, J.A. Elix 39918, 
14 Nov 2007; holotype: CANB. 

Thallus crustose, epilithic, effuse to determinate, areolate, matt, smooth, grey to dark grey, 1-3 cm wide, 
0.05-0.20 mm thick; areoles contiguous, angular and irregular, 0.1-0.3(-0.5) mm wide, ±plane to weakly 
concave, often with slightly raised edges. Cortex poorly defined, c. 10 pm thick, often subtending a hyaline 
necral layer up to 10-15 pm thick; cells rounded, 5-8 pm diam., thick-walled, with a dark olive-brown 
distal wall; inward-facing wall hyaline. Algal layer continuous, 20—60(—100) pm thick; cells green, globose, 
chlorococcoid, 8-15 pm diam. Medulla 0.10-0.15 mm thick, I-, intensely yellow above; lower medulla white; 
hyphae 3-5 pm wide, larger, thin-walled and more compacted above, more irregular in shape and loosely 
arranged below. Prothallus prominent, marginal, black, 0.2-0.4 mm wide, usually also apparent between the 
areoles. Apothecia numerous, dull black, usually solitary, occasionally paired or in small clusters or short rows, 
lecideine, roundish, immersed at first but soon broadly adnate, (0.25-)0.44(-0.64) mm wide [n = 30], not 
subtended by algae; disc black, epruinose, plane or markedly convex; proper excipulum thin, black, becoming 
excluded in older, convex apothecia, in section 35-65 pm thick, outer part brown-black, K-, N+ intense purple- 
brown, inner part brown. Epihymenium 8-12 pm thick, dark brown to brown-black, K+ weak violet-black, N+ 
intense purple-brown. Hypothecium 100-130 pm thick, medium to dark brown, K-, N+ intense orange-brown. 

Hymenium 90-160 pm thick, colourless, not inspersed, 1+ blue; paraphyses richly branched and anastomosing, 
1.5-1.8 pm wide, shortly septate, scarcely swelling at the apices and lacking a sharply delimited cap. 
Asci cylindrical to clavate, 50-65 x 15-25 pm, 8-spored, Rhizocarpon-type, the spores irregularly biseriate or 
massed. Ascospores dark green-blue to dark brown, 1-septate, usually straight, narrowly ellipsoid, often with a 
thick, well-defined, hyaline, 4-8 pm wide perispore when immature, not constricted at the septum, (14-) 18(— 
21) x (6—)8(—10) pm [n = 50]; apices rounded to subacute. Pycnidia not seen. 

Chemistry. Medulla K-, C-, PD-, UV-; containing rhizocarpic acid (major), ±bourgeanic acid (major) 
(Table 1). 

The most striking feature of the new species is the intense yellow colour of the upper medulla due to the 
presence of rhizocarpic acid. While R. geminatum can occasionally contain medullary rhizocarpic acid, that 
lichen has a darker and more robust thallus, larger apothecia, mainly bisporous asci and much larger, muriform 
ascospores. The north-western North American R. sulphurosum (Tuck, ex Willey) Lendemer also has yellow 

medulla, but its peltate areoles have a pale margin, it has (1 or)2-spored asci and much larger, 3-septate to 
muriform ascospores (Feurer and Timdal 2004; Lendemer et al. 2010). Rhizocarpon superficiale has dark, 
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1-septate ascospores of similar dimensions to R. flavomedullosum, but the thallus is green-yellow, the areolae 
are up to 1.5(-2.5) mm wide, containing rhizocarpic and stictic or perlatolic acids (in Australia), and the larger 
apothecia remain plane to weakly convex with a usually persistent margin (Fletcher et al. 2009). Although 

R. flavomedullosum is broadly similar to the newly described R. vigilans (see below) in its thalline and apothecial 
morphology (see below), the thallus of the latter has larger, paler and plane to convex areoles with a uniformly 
white, amyloid medulla. 

Etymology: The epithet flavomedullosum refers to the intensely yellowish upper medulla. 

Distribution and habitat: This species is known from exposed and sheltered siliceous rocks (sandstone, 
schist and granite) in the Southern Tablelands of New South Wales and nearby on mountain tops in the 
southern Australian Capital Territory. Associated lichens included Buellia bogongensis Elix, B. homophylia 

(C.Knight) Zahlbr., Lecanora farinacea Fee, Menegazzia aeneofusca (Miill.Arg.) R.Sant., Ramboldia petraeoides 
(Nyl. ex C.Bab. & Mitt.) Kantvilas & Elix, Rhizocarpon distinctum, R. geographicum, R. intersitum, R. reduction, 
Umbilicaria cylindrica (L.) Delise ex Duby, Xanthoparmelia lithophiloides (Kurok.) Elix, X. metaclystoides 
(Kurok. & Filson) Elix & J.Johnst., X. metamorphosa (Gyeln.) Hale, X. neotinctina (Elix) Elix & J.Johnst., 
X. subprolixa (Nyl. ex Kremp.) O.Blanco, A. Crespo, Elix, D.Hawksw. & Lumbsch andX. tasmanica (Hook.f. & 
Taylor) Hale. 

Fig. 1. Rhizocarpon species, habit. A, Thallus of R. flavomedullosum (holotype); B, Thallus of R. vigilans (holotype) 

Scale: 1 mm. 
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Additional specimens examined: Australian Capital Territory: summit of Mt Aggie, Brindabella Range, 

43 km WSW of Canberra, 35°28'S, 148°46'E, alt. 1490 m, on sheltered schist rock ledges on exposed summit, J.A. Elix 

11620 & P.W. James, 21 Jan 1984 (CANB); summit area, Mt Murray, Namadgi National Park, 35°41'26"S, 148°47'35"E, 

alt. 1800-1850 m, on exposed granite in Eucalyptus paucijlora-dommated forest-scrub, P.M. McCarthy 4174 (part), 9 Dec 

2013 (CANB). 

B 

A 

Fig. 2. Rhizocarpon species, apothecial anatomy and ascospores. A, Sectioned apothecium and adjacent thallus from the 

holotype of R. vigilans (semi-schematic); B-H, Ascospores. B, R. vigilans (holotype); C, R. flavomedullosum (holotype); 

D, R. badioatrum (McCarthy 4263); E, R. distinctum (McCarthy 4141); F, R. intersitum (McCarthy 4187); G, R. polycarpum 

(.McCarthy 4130); H, R. reductum (McCarthy 4184). Scales: A = 0.1 mm; B-H = 20 pm. 
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7. Rhizocarpon geminatum Korb., Systema Lichenum Germaniae 259 (1855) 

Thallus epilithic, determinate, medium to dark grey, areolate; areoles 0.3-0.6(-1.0) mm wide, smooth, plane to 
strongly convex or almost cushion-like, aggregated and angular or rounded in outline; medulla I-. Prothallus 
black, distinct between areoles and at thallus margin. Apothecia numerous, usually solitary, black, initially 
innate between areoles, becoming rather prominent, 0.35-0.90 mm diam.; disc plane to convex, often slightly 
glossy; proper margin thick, usually persistent, K+ purple-red in section. Ascospores (l-)2(-4) per ascus, dark 
olive-brown, muriform, narrowly to broadly ellipsoid, 36-50 x 17-25 pm. Detailed descriptions of this species 
can be found in Feuerer (1991), Feuerer and Timdal (2004), Galloway (2007) and Fletcher et al. (2009) and an 
illustration in Wirth (1995, p. 810). 

Chemistry: This species has been reported to produce stictic acid and/or norstictic acid, to lack lichen substances 
or, occasionally, to contain accessory rhizocarpic acid in the medulla (Feuerer 1991; Timdal and Holtan- 
Hartwig 1988; 0vstedal and Lewis Smith 2001; Feuerer and Timdal 2004; Fletcher et al. 2009; Galloway 2007). 
We have observed a new chemotype containing only bourgeanic acid as well as the chemotypes with stictic 
acid and its satellite compounds (constictic, cryptostictic and peristictic acids) or norstictic acid, ±accessory 
bourgeanic acid (Table 1). 

Rhizocarpon geminatum is characterized by its dark grey convex-areolate thallus, a non-amyloid medulla, 
innate apothecia, moderately large ascospores usually in 2-spored asci and a variable chemistry. 

Reported here for the first time from Australia, it was collected from montane, siliceous rocks in the Australian 
Capital Territory, in the south and central-west of New South Wales and in alpine Victoria. Elsewhere, it occurs 
in Europe, Arctic Eurasia, Greenland, Turkey, Central Asia, North America, Bolivia, Argentina, islands in the 
South Atlantic Ocean, Antarctica and New Zealand (Clauzade and Roux 1985; Timdal and Holtan-Hartwig 
1988; Feuerer 1991; Ovstedal and Lewis Smith 2001; Feuerer and Timdal 2004; Galloway 2007; Fletcher et al. 
2009). 

Specimens examined: Australian Capital Territory: summit of Sentry Box Mountain, Namadgi National Park, 

35°49'34"S, 148°54'11"E, alt. 1720 m, on sheltered granite, RM. McCarthy 4104, 4114 (part), 4121, 12 Dec 2013 

[bourgeanic and norstictic acids] (CANB). New South Wales: Central Tablelands: W face of Mt Canobolas, 

c. 13 km SW of Orange, 33°12'17"S, 148°58'37"E, alt. 1250 m, on weathered volcanic outcrop,/.A. Elix45998, RM. McCarthy 

4323, 4329, 1 Apr 2014 [bourgeanic acid]; J.A. Elix 45997 (part), 1 Apr 2014 [stictic acid] (CANB); Southern Tablelands: 

Molonglo River Falls, 2 km S of Captains Flat, 35°48'S, 149°35'E, alt. 870 m, on granite in open Eucalyptus woodland, J.A. 

Elix 30033A, 17 Mar 1993 [bourgeanic and stictic acids] (CANB); Southern Tablelands: Round Mountain, 28 km NE of 

Khancoban, Mount Kosciuszko National Park, 36°15'S, 148°35'E, alt. 1750 m, on basalt among sparse shrubby vegetation, 

H. Streimann 35113 & J.A. Curnow, 9 Apr 1985 [bourgeanic acid] (CANB). Victoria: Eastern Highlands (Conn 1993): 

‘Ruined Castle’, Bogong High Plains, 16.5 km SSE of Mount Beauty, 36°52'S, 147°15'E, alt. 1620 m, on exposed basalt rocks 

in subalpine grassland, J.A. Elix 40576, 17 Mar 1993 [bourgeanic acid] (CANB); Eastern Highlands: Alpine Road, Alpine 

National Park, 34 km WNW of Omeo, 37°02'S, 147°14'E, alt. 1580 m, on semi-exposed rock on Eucalyptus pauciflora- 

dominated ridge, H. Streimann 49495 (part), 2 May 1992 [bourgeanic acid] (CANB); Eastern Highlands: Dargo High 

Plains, Alpine National Park, 41 km NNW of Dargo, 37°06'S, 147°09'E, alt. 1620 m, on exposed basalt outcrop in swampy, 

subalpine grassland, Et. Streimann 53195, 17 Dec 1993 [bourgeanic acid] (CANB). 

8. Rhizocarpon geographicum (L.) DC., Flore Frangaise 2: 365 (1805) 

This is among the most widely recognizable lichens in Europe and North America; it also occurs in Arctic 
Eurasia, North Africa, Turkey, Southern Africa, Central Asia, South America, islands in the South Atlantic 
Ocean, Antarctica and New Zealand. It is found in all States and the Australian Capital Territory, and it can 
be very abundant in suitable habitats, especially exposed, montane siliceous rocks in south-eastern Australia. 

The most common chemotypes contain rhizocarpic and either psoromic or barbatic acids, rarely with accessory 
bourgeanic acid or gyrophoric acid (Feuerer and Timdal 2004; Fletcher et al. 2009). We have discovered two 
new chemotypes in the present study (Table 1). 

Specimens examined: [Chemotype 1: containing rhizocarpic acid (minor), alectoronic acid (minor), a-collatolic acid 

(minor) and psoromic acid (major)] Australian Capital Territory: summit of Bimberi Peak, Namadgi National Park, 

35°39'S, 148°47'E, alt. 1910 m, on granite rocks in alpine grassland, J.A. Elix 6598, 2 Dec 1979 (CANB). New South 

Wales: Southern Tablelands: 10 km E of Cooma along the Numeralla road, 36°1 l'S, 149°15'E, alt. 910 m, on granite rocks, 

J.A. Elix 1463,1524,19 fan 1976 (CANB); Southern Tablelands: Brown Mountain, belowthe road, 17 km SE of Nimmitabel, 

36°36'S, 149°23'E, alt. 1155 m, on granite rocks in Eucalyptus woodland, J.A. Elix 1571, 20 fan 1976 (CANB). 

[Chemotype 2: containing rhizocarpic acid (minor), 2-0’-methylperlatolic acid (major), bourgeanic acid (major or 

minor), confluentic acid (minor) and 2-0’-methylanziaic acid (major or minor)] Australian Capital Territory: summit 

of Mt Aggie, Brindabella Range, 35°27'S, 148°46'E, alt. 1490 m, on exposed schistose rocks, J.A. Elix 5833, 28 Mar 1979 

(CANB); summit of Bimberi Peak, Namadgi National Park, 35°39'S, 148°47'E, alt. 1910 m, on granite rocks in alpine 
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grassland, J.A. Elix 6596, 6597, 2 Dec 1979 (CANB); Mt Coree summit, W side, 28 km W of Canberra, 35°18'S, 148°49'E, 

alt. 1400 m, on exposed rock, D.Verdon 1526 (part), 23 Jul 1975 (CANB). Victoria: Eastern Highlands: ‘Ruined Castle’, 

Bogong High Plains, 16.5 km SSE of Mt Beauty, 36°52'S, 147°15'E, alt. 1620 m, on exposed basalt rocks in subalpine 

grassland, J.A. Elix 40579 (part), 17 Mar 1993 [bourgeanic acid] (CANB). 

9.Rhizocarpon intersitum Arnold, Verhandlungen der Zoologisch-Botanischen GesellschaftWien 27: 554 (1877) 

Thallus epilithic, determinate, crustose, verruculose-areolate, whitish grey to grey or grey-brown, occasionally 
greenish or pink-tinged, epruinose; areoles contiguous or dispersed, 0.2-0.6(-0.8) mm wide, smooth, plane 
to strongly convex or almost bullate, aggregated and angular or scattered and more rounded, matt or slightly 
glossy, smooth; medulla white, I-. Prothallus prominent, black, distinct between areoles and at thallus margin. 
Apothecia 0.25-0.70 mm wide, abundant, lecideine, roundish, usually solitary, innate between areoles; disc 
black, epruinose, plane to convex; proper margin, thin, black, becoming excluded, in section c. 30 pm thick, 
with a dark brown external zone, K-, N-, paler within. Epihymenium dark brown to dark purple-brown, K-, 
N-. Hypothecium dark brown to dark reddish brown, K-, N-. Hymenium colourless to pale greenish in places, 

not inspersed, 1+ blue. Asci 110-125 x 25-32 pm. Ascospores (4-)8 per ascus, dark grey-green to dark brown or 
blackish, submuriform to muriform, with 9-18 cells in optical section, oblong to elongate-ellipsoid and often 

slightly bent or broadly ellipsoid, 24-35 x 10-18 pm. 

Chemistry: Rhizocarpon intersitum has been reported to produce stictic acid or to lack lichen substances 
(Timdal and Holtan-Hartwig 1988; Fryday 2010). In Australia it invariably contains gyrophoric acid (Table 1). 

This lichen resembles two other Australian species with grey thalli and dark muriform ascospores, R. disporum 
and R. geminatum. However, R. intersitum has predominantly 8-spored asci producing smaller ascospores, 
while the asci of R. disporum and R. geminatum are monosporous and predominantly bisporous, respectively. 
Moreover, those lichens have a more complex and varied thallus chemistry, but they lack the gyrophoric acid 
of R. intersitum (Table 1). Rhizocarpon austroamphibium, an endemic and montane-aquatic species from 
Tasmania, also contains gyrophoric acid, but it has a smooth thallus, innate white-margined apothecia, mainly 
2-4-spored asci, larger ascospores and anomalous simple paraphyses. Superficially, R. intersitum resembles the 
northern-temperate to boreal R. grande (Florke) Arnold, another species that commonly contains gyrophoric 
acid. However, R. grande usually has an 1+ blue medulla (although this reaction is sometimes rather weak or 

even absent), a K+ red epihymenium, and somewhat larger ascospores, 24-46 pm long. While the distinction 
between these two species is not clear-cut, we prefer to assign the Australian material to R. intersitum pending 
a detailed reassessment aided by molecular analyses. 

Reported here for the first time from Australia and the Southern Hemisphere, R. interstitum is rather common 
on exposed alpine siliceous rocks in the Australian Capital Territory, southern New South Wales, Victoria 
and Western Australia. It was previously known from south-western and north-eastern U.S.A., Scotland, 

Scandinavia and Central Europe (Clauzade and Roux 1985; Timdal and Holtan-Hartwig 1988; Fryday 2010). 

Selected specimens examined: Australian Capital Territory: along Kangaroo Creek near Corin Dam, 35°32’S, 148°53'E, 

alt. 1000 m, on granite in Eucalyptus forest, J.A. Elix2314,25 Nov 1975 (CANB); summit area, Mt Murray, Namadgi National 

Park, 35°41'26"S, 148°47'35"E, alt. 1800-1850 m, on exposed granite, in Eucalyptus pauciflora-dominated forest-scrub, 

RM. McCarthy 4175, 4176, 9 Dec 2013 (CANB); scree slope, Mt Ginini, Namadgi National Park, 35°31'47"S, 148°46'41"E, 

alt. 1665 m, on sheltered granite, PM. McCarthy 4187 (part), 10 Dec 2013 (CANB); summit, Sentry Box Mountain, 

Namadgi National Park, 35°49'34"S, 148°54'11"E, alt. 1720 m, on granite, PM. McCarthy 4113 (part), 4296 (part), 12 Dec 

2013 (CANB); below summit, Mt Bimberi, Namadgi National Park, 35°39'27"S, 148°47'20"E, alt. 1882-1900 m, on granite 

in Eucalyptus pauciflora-dominated vegetation, P.M. McCarthy 4267, 12 Dec 2013 (CANB); Booroomba Rocks track, 

Namadgi National Park, 35°33'57"S, 148°59'36"E, alt. 1169 m, on sheltered granite in eucalypt-dominated forest, P.M. 

McCarthy 4223, 13 Dec 2013 (CANB); Orroral Valley Lookout, Namadgi National Park, 34 km SW of Canberra, 36°32'S, 

148°53'E, alt. 1350 m, on granite in dry sclerophyll forest, H. Streimann 53676,29 Mar 1994 (B, CANB). New South Wales: 

Northern Tablelands: Dilgry Circle Road, Barrington Tops State Forest, 41 km NW of Gloucester, 31°52'S, 151°31'E, alt. 

1240 m, on granite in dry sclerophyll forest, J.A. Elix 24925 (part), 26 Apr 1990 (CANB); Southern Tablelands: Bemboka 

River Road, Glenbog State Forest, 15 km ESE of Nimmitabel, 36°33'S, 149°30'E, alt. 1080 m, on granite boulder in dry 

sclerophyll forest, El. Streimann 43870, 1 Apr 1990 (CANB); Southern Tablelands: Steeple Flat, 10 km SE of Nimmitabel, 

36°32'S, 149°21'E, alt. 1100 m, on granite in flat, swampy valley, D. Verdon 1441,16 Jul 1975 (CANB); Southern Tablelands: 

Bradleys Creek, flowing out of the Yaouk Bill Range, 35°53'S, 148°53'E, alt. 1240 m, on granite in Eucalyptus forest, 

D. Verdon 1743,18 Aug 1975 (CANB); Southern Tablelands: SE of Rossi, Braidwood district, 35°27'S, 149°48'E, on boulder 

in remnant wet sclerophyll forest, W.A. Weber L-49315, 19 Dec 1967 (CANB); South Coast: Tuross Cascades, Badja State 

Forest, 61 kmSW of Moruya, 36°14'S, 149°31'E, alt. 600 m, on semi-shaded boulder in dry sclerophyll forest, H. Streimann 

60357, 30 Mar 1998 (CANB). Victoria: Eastern Highlands: Mt Ellery, Errinundra National Park, 29 km SSW of Bendoc, 

37°24'S, 148°47'E, alt. 1280 m, on large, semi-exposed boulder in wet sclerophyll forest, H. Streimann 47916 (part), 17 Apr 

1991 (CANB). Western Australia: Jarrah Forest (Thackway and Cresswell 1995): summit of Toolbrunup Peak, Stirling 

Range National Park, 40 km SW of Borden, 34°23'S, 118°03'E, alt. 980 m, on exposed volcanic rock amongst pockets of 
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dense, shrubby vegetation, J.A. Elix 41519,17 Sep 1994 (CANB). 

10. Rhizocarpon lavatum (Fr.) HazsL, Magyar Birodalom Zuzmo-Floraja 206 (1884) 

Thallus epilithic, pale grey to pale ochre-brown, rimose to areolate; areoles 0.4-0.8(-1.0) mm wide, smooth, 
plane, rounded to angular, matt; medulla I-. Prothallus black or indistinct. Apothecia scattered, sessile, black, 
epruinose, 0.5-2.5 mm diam.; disc weakly concave to weakly convex, sometimes with a central umbo; proper 
margin thick, persistent, with a dark brown external zone, paler within, K-; epihymenium olive-green to olive- 

brown, I<± purple-red in patches. Asci 100-160 x 30-50 pm. Ascospores 8 per ascus, persistently colourless or 
becoming faintly brown with age, muriform, with 9-28 cells in optical section, elongate-ellipsoid to ellipsoid 
or slightly ovoid, 30-50 x 13-21 pm. Detailed descriptions of this species can be found in Feuerer (1991); Ihlen 
(2004); Galloway (2007); Fletcher et al. (2009); and illustrations in Wirth (1995, p. 807) and Ihlen (2004). 

Chemistry: Research has shown that this species invariably lacks lichen substances (Feuerer 1991; Ihlen 2004; 
Galloway 2007; Fletcher et al. 2009; Joshi et al. 2010; Timdal and Holtan-Hartwig 1988), and this is also true of 
the Australian specimen examined (Table 1). 

Rhizocarpon lavatum is characterized by the pale grey to pale brown, rimose to areolate thallus, a non-amyloid 
medulla, rather large and sometimes umbonate apothecia with a thick, swollen margin, moderately large, 
colourless, muriform ascospores with numerous septa and in lacking lichen substances. Reported here for 
the first time from Australia, it was collected from montane, siliceous rocks in southern New South Wales. 
Elsewhere, it is known from the British Isles, continental Europe, Scandinavia, Svalbard, the Ukraine, North 
America, North Africa, East Asia and New Zealand (Timdal and Holtan-Hartwig 1988; Feuerer 1991; Galloway 
2007; Ihlen 2004; Fletcher et al. 2009; Joshi et al. 2010). 

Specimen examined: New South Wales: Southern Tablelands: 2 km NE of Mt Kosciuszko, Mount Kosciuszko National 

Park, 38°20'S, 148°16'E, alt. 2150 m, on siliceous rock outcrop in alpine herbfield, H. Streimann 7632 (part), 14 Mar 1979 

(CANB). 

11. Rhizocarpon lecanorinum Anders, Hedwigia 64: 261 (1923) 

Thallus epilithic, bright yellow to yellow-green, areolate; areoles 0.5-1.5 mm wide, often crescent-shaped and 
surrounding an apothecium, to angular to orbicular; medulla 1+ blue. Prothallus black, distinct, at margins 
and between areoles. Apothecia frequent, black, epruinose, 0.3-1.0 mm diam.; disc plane to weakly convex; 
proper exciple persistent but indistinct; epihymenium pale red-brown, hymenium pale greenish to green- 

blue. Asci 75-85 x 35-45 pm, 8-spored. Ascospores colourless at first, but soon dark greenish to brown-black, 
sub muriform, with 15-38 cells in optical section, ellipsoid or slightly curved, 34-55 X 15-24 pm. 

Detailed descriptions of this species can be found in Runemark (1956a); and Galloway (2007): illustrations in 
Runemark (1956a); Wirth (1995, p. 815); Brodo et al. (2001, p. 636); Fletcher et al. (2009). 

Chemistry: This species contains rhizocarpic and stictic acids, with or without accessory gyrophoric acid 
(Timdal and Holtan-Hartwig 1988; Galloway 2007; Fletcher et al. 2009). However, bourgeanic acid is common 
in Australian specimens, either as an accessory substance to stictic acid or co-occurring with rhizocarpic acid 
(Table 1). 

Rhizocarpon lecanorinum is characterized by the yellow, crescent-shaped areoles often enclosing prominent 
apothecia, a pale olive-brown to red-brown epihymenium and usually pale green hymenium, greenish to 

brown-black, submuriform ascospores. It is chemically distinct from R. geographicum as it lacks psoromic, 
2,-0-methylperlatolic or barbatic acids. Reported here for the first time from Australia, it was collected from 
montane, siliceous rocks in the Australian Capital Territory and Victoria. Elsewhere, it is known from the 
British Isles, continental Europe, Scandinavia, the high Arctic, Turkey, Macaronesia, southern Africa, Central 
Asia, China, North America and New Zealand (Runemark 1956b; Timdal and Holtan-Hartwig 1988; Galloway 
2007; Fletcher et al. 2009). 

Selected specimens examined: Australian Capital Territory: Ginini Flats, Brindabella Range, 40 km SW of Canberra, 

35°31'S, 148°47'E, alt. 1540 m, on granite in open subalpine forest, J.A. Elix 5877, D. Verdon 4515,28 Mar 1979 [bourgeanic 

and stictic acids] (CANB); summit area, Mt Scabby, Namadgi National Park, 35°45'08"S, 148°54'35"E, alt. 1809 m, on 

exposed granite, P.M. McCarthy 4190 (part), 9 Dec 2013 (CANB); scree slope, Mt Ginini, Namadgi National Park, 

35°31'47"S, 148°46'41"E, alt. 1665 m, on sheltered granite, P.M. McCarthy 4187 (part), 10 Dec 2013 [bourgeanic and stictic 

acids] (CANB). Victoria: Snowfields: Mt Hotham, 32 km SE of Bright, 36°59'S, 147°08'E, alt. 1800 m, on exposed rocks 

in subalpine meadow, H. Streimann 50671,29 Dec 1992 [bourgeanic acid] (CANB); Eastern Highlands: Mt Buller, 36 km 

ESE of Mansfield, 37°09'S, 146°26'E, alt. 1790 m, on semi-exposed rock face in subalpine herbfield, H. Streimann 50711, 

30 Dec 1992 [bourgeanic and gyrophoric acids] (CANB), H. Streimann 50719, 30 Dec 1992 [bourgeanic, gyrophoric and 

stictic acids] (CANB). 
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12. Rhizocarpon polycarpum (Hepp) Th.Fr., Lichenographia Scandinavica 2: 617 (1874) 

Previously known from Western Australia (McCarthy 2014), this species also occurs in Europe, Arctic Eurasia, 
North Africa, Turkey, the Bering Strait, North America, southern South America, islands in the South Atlantic 
Ocean, Antarctica and New Zealand (Timdal and Holtan-Hartwig 1988; Fryday 2000b; Ovstedal and Lewis 
Smith 2001; Calvelo and Liberatore 2002; Feuerer and Timdal 2004; Galloway 2007; Fletcher et al. 2009; 
Golubkov and Matwiejuk 2009). 

Chemistry: Reported to produce only stictic acid or to lack lichen substances (Timdal and Holtan-Hartwig 
1988; Ovstedal and Lewis Smith 2001; Galloway 2007; Fletcher et al. 2009) or to contain norstictic and stictic 
acids (Feuerer and Timdal 2004), the Australian specimens either lacked lichen substances or contained 
bourgeanic acid, the latter a new chemotype of this species (Table 1). 

Specimens examined: Australian Capital Territory: scree slope, Mt Ginini, Namadgi National Park, 35°31'47"S, 

148°46'41"E, alt. 1665 m, on sheltered granite, P.M. McCarthy 4180 (part), 10 Dec 2013 [bourgeanic acid] (CANB). 

New South Wales: Southern Tablelands: just S of Rawson Pass, Mount Kosciuszko National Park, 36°27'S, 148°15'E, alt. 

2130 m, on granite outcrop in alpine heath,/.A. Elix 4254,9 Feb 1978 [no lichen substances] (CANB); Southern Tablelands: 

2 km NE of Mt Kosciuszko, Mount Kosciuszko National Park, 36°20'S, 148°16'E, alt. 2150 m, on granite outcrop in alpine 

herbfield, H. Streimann 7632 (part), 14 Mar 1979 (CANB). Victoria: East Gippsland: Three Sisters Track, 23 km NNE of 

Cann River, 37°23'S, 149°06'E, alt. 920 m, on sandstone rocks in dry sclerophyll forest, J.A. Elix 19532 & H. Streimann, 

27 Sep 1985 [bourgeanic acid] (CANB); Eastern Highlands: Mt Nelse, 19 km SSE of Mount Beauty, Alpine National Park, 

36°51'S, 147°20'E, alt. 1880 m, on exposed granite in alpine grassland, J.A. Elix 40640 &H. Streimann (part), 19 Feb 1994 

[bourgeanic acid] (CANB). 

13. Rhizocarpon reductum Th.Fr., Lichenographia Scandinavica 2: 633 (1874) 

Previously known from Western Australia, Queensland, New South Wales, the Australian Capital Territory and 
Victoria (McCarthy 2014), this lichen is reported here for the first time from South Australia. It also occurs 
in the British Isles, continental Europe, Arctic Eurasia, Morocco, Tunisia, Turkey, the Ukraine, Central Asia, 
China, South Africa, North America, Venezuela, Bolivia, Chile, Argentina, the Falkland Islands, Antarctica 
and New Zealand (Timdal and Holtan-Hartwig 1988 [as R. obscuratum]; Feuerer 1991 [as R. ohscuratum]; 
0vstedal and Lewis Smith 2001 [as R. obscuratum]; Calvelo and Liberatore 2002; Feuerer and Timdal 2004 [as 
R. obscuratum]; Galloway 2007; Fletcher et al. 2009). 

The very closely related R. postumum (Nyl.) Arnold, from northern Europe and New Zealand, contains only 
stictic acid and its satellites, and it has smoother apothecial discs and smaller, submuriform ascospores (Ihlen 
2004; Galloway 2007; Fletcher et al. 2009). Because we have observed a continuum of ascospore septation 
from submuriform to eumuriform and variation in the roughness of the disc (see Fryday 2002), we have not 
attempted to segregate these species in Australia. 

Chemistry: Rhizocarpon reductum has been reported with stictic acid or lacking lichen substances (Timdal and 
Holtan-Hartwig 1988; Feuerer and Timdal 2004; Galloway 2007; Fletcher et al. 2009), or containing stictic and 
norstictic acids (Feuerer and Timdal 2004; Fletcher et al. 2009). The most common chemotype in Australia 
contains both hypostictic and stictic acids as major substances along with associated satellite compounds 
(constictic, cryptostictic, menegazziaic and peristictic acids), but additional chemotypes comprising 
gyrophoric and bourgeanic acids, or bourgeanic acid alone were also seen (Table 1). 

Selected specimens examined: Australian Capital Territory: Canberra Nature Park, Aranda Bushland, 4 km W of 

Canberra, 35°16'08"S, 149°04'51"E, alt. 650 m, on sandstone in road cutting in open Eucalyptus woodland, J.A. Elix 38911, 

8 fun 2008 [hypostictic and stictic acids] (CANB); below summit, Mt Bimberi, Namadgi National Park, 35°39'27"S, 

148°47'20"E, alt. 1882-1900 m, on exposed granite, P.M. McCarthy 4140, 12 Dec 2013 [stictic acid] (CANB); scree slope, 

Mt Ginini, Namadgi National Park, 35°31'47"S, 148°46'41"E, alt. 1665 m, on sheltered granite, P.M. McCarthy 4180, 4181, 

4184, 4187, 4188, 10 Dec 2013 [bourgeanic and stictic acids] (CANB); Molonglo Gorge, 15 km ESE of Canberra, 35°21'S, 

149°15'E, alt. 700 m, on exposed rock in open Eucalyptus-Callitris woodland, H. Streimann, 21 May 1983 [hypostictic and 

stictic acids] (CANB). New South Wales: Northern Tablelands: turnoff to Top Congi, 11 km E of Bendemeer along road 

to Walcha, 30°52'20"S, 151°16T2"E, alt. 1015 m, on quartzite stones in remnant Eucalyptus-Acacia woodland, J.A. Elix 

36264, 27 Apr 2005 [stictic acid] (CANB); North Coast: Mt Coramba, 12 km NW of Coffs Harbour, 30°13'S, 153°03'E, 

alt. 580 m, on rock in temperate rainforest, J.A. Elix 42710, 19 Apr 1998 [stictic acid] (CANB); Central Tablelands: Mt 

Canobolas, summit area, 13 km SW of Orange, 33°20'40"S, 148°58'56"E, alt. 1380-1395 m, on volcanic rock in rocky 

area with scattered Eucalyptus and Acacia, J.A. Elix 46026, 1 Apr 2014 [bourgeanic acid] (CANB); Southern Tablelands: 

Hanging Mountain, Hanging Mountain Forest Reserve, 24 km SW of Moruya, 36°01'S, 149°52'E, alt. 550 m, on rocks in 

dry sclerophyll forest, J.A. Elix 25515,20 fun 1990 [bourgeanic acid] (CANB); Southern Tablelands: summit of Big Badja 

Hill, 78 km S of Braidwood, 36°00'S, 149°34'E, alt. 1360 m, on rock in dry sclerophyll forest, J.A. Elix 26275, 4 Aug 1991 

[hypostictic and stictic acids] (CANB); Southern Tablelands: Bulee Gap, 8 km NE of Nerriga, Morton National Park, 

35°05'18"S, 150°08'22"E, alt. 690 m, on sandstone in open Eucalyptus woodland, J.A. Elix 39719, 31 Oct 2007 [hypostictic 
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and stictic acids] (CANB); Southern Tablelands: between Braidwood and Hoskinstown, on boulder, D. McVean 659, 

Aug 1965 [bourgeanic and gyrophoric acids] (CANB). Queensland: Darling Downs (Anonymous 1975): 7 km NE of 

Wallangarra, Girraween National Park, 28°53'07"S, 151°57'52"E, alt. 990 m, on granite rocks in dry Eucalyptus-Callitris 

woodland, J.A. Elix 43167, 3 May 2005 [hypostictic and stictic acids] (BRI, CANB). South Australia: Southern Lofty 

(Barker et al. 2005): 4 km W of Carey Gully, along the Forest Range Road, 34°57'S, 138°43'E, alt. 456 m, on sandstone in 

dry sclerophyll forest, J.A. Elix 2813, 21 Dec 1976 [hypostictic and stictic acids] (CANB). Victoria: Midlands: Chiltern- 

Mount Pilot National Park, 2 km N of Chiltern, 36°07'47"S, 146°36'42"E, alt. 200 m, on sandstone in open Eucalyptus 

woodland, J.A. Elix 36952, 5 May 2006 [hypostictic and stictic acids] (CANB); Midlands: Pyalong-Seymour road, 3 km E 

of Pyalong, 37°08'S, 144°53'E, alt. 400 m, on rocky road cutting in grazing land, H. Streimann 36007, 24 Dec 1985 [stictic 

acid] (CANB); Midlands: Horan Track, Tallarook State Forest, 17 km S of Seymour, 37°11'S, 145°10'E, alt. 600 m, on 

boulder in dry sclerophyll forest, H. Streimann 36056, 25 Dec 1985 [hypostictic and stictic acids] (CANB); H. Streimann 

36056,25 Dec 1985, [stictic acid] (CANB). Western Australia: Swan Coastal Plain: Quinninup, 1 km W of Wetherall Road 

from South West Highway, 2 km N of Wheatley Coast Road, 33°26'S, 116°13'E, on sheltered, wet laterite stone in open 

Eucalyptus forest, R.J. Cranfield 13607, 8 Aug 1999 [stictic acid] (CANB, PERTH); Jarrah Forest: 55 km NW of Mount 

Barker along Muir Highway, 10.7 km S of Rocky Gully, 34°30'55"S, 117°07'35"E, on sheltered, wet stone in open sclerophyll 

forest, R.J. Cranjield 16666, 20 Jul 2001 [hypostictic and stictic acids] (CANB, PERTH); Jarrah Forest: Thornton Forest 

Block, 10.8 km W on Wagelup Road from Railway Crossing, 34°07'17"S, 116°03'26"E, on sheltered, wet stone in sclerophyll 

forest, R.J. Cranjield 18049 & K. Knight, 16 May 2002 [hypostictic and stictic acids] (CANB, PERTH); Jarrah Forest: 

Boundary Rock, 11 km E of Yornup, 34°04'22"S, 116°19'30"E, alt. 330 m, on sheltered granite ledge in open Eucalyptus- 

Casuarina woodland, J.A. Elix 43870, 9 Apr 2006 [hypostictic and stictic acids] (CANB). 

14. Rhizocarpon superficiale (Schaer.) Malme, Svensk Botanisk Tidskrift 8: 282 (1914) 

Already known from New South Wales (McCarthy 2014), this lichen also occurs in Europe, Arctic Eurasia, 
Central and East Asia, the Himalayan region, East Africa, southern Africa, North and South America (Venezuela 
to Chile), Antarctica and New Zealand (Runemark 1956b; Hertel 1985; Timdal and Holtan-Hartwig 1988; 
Thomson, 1997; 0vstedal and Lewis Smith 2001; Calvelo and Liberatore 2002; Feuerer and Timdal 2004; 
Galloway 2007; Matwiejuk 2008; Fletcher et al. 2009). It is reported here as new to Victoria and Western 
Australia. 

Chemistry: This species is known to produce several chemotypes: 1) rhizocarpic and stictic acids (Runemark 
1956a; Timdal and Holtan-Hartwig 1988), 2) rhizocarpic, stictic and ±psoromic acids (Runemark 1956a, 
Hertel 1985, Thomson 1997, Galloway 2007, Matwiejuk 2008), 3) rhizocarpic and norstictic acids (Runemark 
1956a, Fletcher et al. 2009), or 4) rhizocarpic, hypostictic, norstictic and stictic acids (Feuerer and Timdal 
2004). The Australian specimens contained rhizocarpic and stictic acids or a new chemotype with rhizocarpic 
and perlatolic acids (Table 1). 

Specimens examined: New South Wales: Southern Tablelands: 9 km ESE of Michelago, Tinderry Range, 35°44'32"S, 

149°15'50"E, alt. 1220 m, on exposed granite in Eucalyptus woodland, J.A. Elix 45871, 3 Mar 2004 [rhizocarpic and 

stictic acids] (CANB). Victoria: Eastern Highlands: Basalt Hill, 20 km SE of Mount Beauty, Bogong High Plains, Alpine 

National Park, 36°53'S, 147°18'E, alt. 1650 m, on basalt in exposed, alpine grassland, J.A. Elix 40444 (part), 17 Feb 1994 

[rhizocarpic and perlatolic acids] (CANB). Western Australia: Jarrah Forest: John Forrest National Park, Darling Range, 

25 km E of Perth, 31°53'19"S, 116°05'14"E, alt. 250 m, on lateritic rock in Eucalyptus woodland, J.A. Elix 36067,8 May 2004 

[rhizocarpic and perlatolic acids] (CANB). 

15. Rhizocarpon vigilans P.M.McCarthy & Elix, sp. nov. Figs IB, 2A, B 

MycoBank No.: MB810878 

Similar to Rhizocarpon polycarpum (Hepp) Th.Fr., but the apothecia become convex and immarginate, the 
epihymenium is K- rather than K+ purple, and mature ascospores are dark greyish green to dark brown (not 

colourless). 

Type: Australia. Australian Capital Territory, Namadgi National Park, summit of Sentry Box Mountain, 
35°49'34"S, 148°54'11"E, alt. 1720 m, on sheltered granite, P.M. McCarthy 4121,12 Dec 2013; holotype: CANB. 

Thallus crustose, epilithic, effuse to determinate, areolate, pale to medium grey, rarely medium greyish green, 
(0.05-)0.10-0.15(-0.22) mm thick, forming colonies to c. 2 cm wide in a lichen mosaic; areoles continguous 

and angular or scattered and somewhat rounded, 0.15-0.50(-0.85) mm wide, plane (and with the margins 
slightly raised) to moderately convex, smooth, dull, epruinose. Cortex poorly defined or distinct and 10-15 pm 
thick, subtending a hyaline necral layer to 10—15(—20) pm thick; cells rounded, 5-8 pm diam., thick-walled, 
with a dark olive-brown distal wall; inward-facing wall hyaline. Algal layer continuous, (20-)60-80(-150) 
pm deep, occupying much of the upper half of the thallus, with an uneven lower edge; cells green, globose, 
chlorococcoid, 6-15 pm diam. Medulla white, 1+ deep blue; hyphae 3-6 pm wide, larger, thin-walled and more 
compacted above, more irregular in shape and loosely arranged below. Prothallus black, well developed around 
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the thallus, to 0.3(-0.8) mm wide and minutely areolate, also visible as indistinct to 1 mm wide between 
areoles. Apothecia numerous, uniformly dull black, usually solitary, occasionally paired or in small clusters or 
short rows of 3 or 4, at first plane and innate between areoles, either remaining plane but usually becoming 
moderately to strongly convex and adnate between areoles, occasionally on areoles and more prominent, rarely 
becoming subsessile, lecideine, round to angular due to mutual pressure or the effect of adjacent areoles, 
(0.30—)0.51(—0.77) mm diam. [n = 60], not subtended by algae; disc smooth, epruinose, the black colour 
unchanged when wetted; margin concolorous with the disc, initially inconspicuous, entire and 30-60 pm 
thick, epruinose, usually becoming excluded towards maturity in convex apothecia, occasionally remaining 
faintly visible in plane ones; in section the proper exciple is non-carbonized, 40-80 pm thick, annular, not 
subtending the hypothecium, internally consisting of pale greenish brown, radiating hyphae, the outer layers 

of darker tightly packed rounded thick-walled cells 2-3 pm wide, K-, N+ deep red-brown. Epihymenium 
medium to dark greenish brown, 15-20 pm thick, non-amyloid, K-, N+ deep red-brown. Hypothecium dark 
reddish brown to olive-black, 80-150 pm thick, not inspersed with granules or oil droplets, K-, N+ red-brown, 

I- (with or without pretreatment in K). Hymenium 80-120 pm thick, not inspersed with oil droplets, granules 
or crystals, 1+ blue (after pretreatment in K); paraphyses rather tightly conglutinate in water, loosening in K, 
anastomosing, long-celled, 1.5-2.5(-3.5) pm thick; apical cells apparently conglutinate, with thick dark brown 
walls, 3-4(-5) pm wide. Asci narrowly to broadly clavate, 70-88 x 18-24 pm, 8-spored, R h izo carp on-type, 

the spores irregularly biseriate or massed. Ascospores dark greyish green to dark brown, 1-septate, elongate- 
ellipsoid to almost oblong, usually straight, occasionally a little bent, the distal cell sometimes shorter and 
more rounded than the proximal, with a thick, well-defined, hyaline, 5-8 pm wide perispore when immature, 
often biguttulate, usually slightly constricted at the septum, (15-)20(-24) x (6.5-)8.5(-10) pm [n = 50]; apices 
rounded to subacute. Pycnidia not seen. 

Chemistry: Medulla K-, C-, PD-, UV-; containing bourgeanic acid (major), ±norstictic acid (trace), 
±protolichesterinic acid (trace) (Table 1). 

Rhizocarpon vigilans is characterised by the grey thallus with comparatively large, plane to moderately convex 
areoles containing bourgeanic acid, an 1+ blue medulla, convex apothecia that become immarginate, and asci 
containing 8 grey-green to dark brown, 1-septate ascospores. The bipolar R. polycarpum is similar, but the 

apothecia are persistently plane and marginate, the epihymenial reagion is K+ purple and the ascospores remain 
colourless until maturity (although post-mature propagules commonly darken as they collapse). Rhizocarpon 
flavomedullosum (see above) has smaller, plane to slightly concave areoles, more convex apothecia, and a 
yellowish non-amyloid medulla containing rhizocarpic acid. Furthermore, while dark 1-septate ascospores 
are also produced by the mainly boreal R. copelandii (Korb.) Th.Fr., the latter has a non-amyloid medulla 
and thalline chemistry dominated by norstictic acid or stictic acid (Timdal and Holtan-Hartwig 1988; Fryday 
2000b; Galloway 2007; Fletcher et al. 2009). Finally, R. simillimum (Anzi) Lettau, a Northern Hemisphere 
species recently added to the lichen floras of the Falkland Islands and New Zealand (Fryday and 0vstedal 
2012), has an amyloid medulla and brown 1-septate spores. However, the latter are only 12-16 x 6-8 pm, and 
the epihymenium and exciple are K+ purple-red. 

Etymology: The epithet vigilans is the Latin for watchful or vigilant, in reference to the type locality, Sentry 
Box Mountain. 

Distribution and habitat: The new species grows on granite boulders and outcrops on mountain tops in 
the southern A.C.T. Associated lichens included Buellia aethalea (Ach.) Th.Fr., B. homophylia (C.Knight) 
Zahlbr., B. ocellata (Flot.) Korb., Fuscidea australis Kantvilas, Immersaria athroocarpa (Ach.) Rambold & 
Pietschm., Lecanora farinacea Fee, L. polytropa (Ehrh.) Rabenh., L. rupicola (L.) Zahlbr., Lecidea diducens Nyl., 

L. fuscoatrula Nyl., Protoparmelia badia (Hoffm.) Hafellner, Ramboldia petraeoides (Nyl. ex C.Bab. & Mitt.) 
Kantvilas & Elix, Rhizocarpon distinctum, R. geminatum, R. geographicum, R. lecanorinum, R. viridiatrum, 
Umbilicaria cylindrica (L.) Delise ex Duby, U. decussata (Vill.) Zahlbr. and several species of Xanthoparmelia. 
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Table 1. Secondary metabolites in Rhizocarpon species from mainland Australia. The satellite substances (constictic, crypto- 
stictic, menegazziaic and peristictic acids) that can occur in minor or trace quantities with stictic acid are not included. 

± = present or absent; t = trace amount. 

adarense 

badioatrum 

disporum 

disporum 

disporum 

distinctum 

distinctum 

distinctum 

eupetraeoides 

flavomedullosum 

flavomedullosum 

geminatum 

geminatum 

geminatum 

geographicum 

geographicum 

geographicum 

geographicum 

geographicum 

intersitum 

lavatum 

lecanorinum 

lecanorinum 

lecanorinum 

polycarpum 

polycarpum 

polycarpum 

reductum 

reductum 

reductum 

reductum 

reductum 

reductum 

superficiale 

superficiale 

vigilans 

viridiatrum 

viridiatrum 
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Additional specimens examined: Australian Capital Territory: summit of Sentry Box Mountain, Namadgi National 

Park, 35°49'34"S, 148°54'H"E, alt. 1720 m, on sheltered granite, P.M. McCarthy 4114 (part), 4312 (part), 12 Dec 2013 

(CANB); summit of Mt Scabby, Namadgi National Park, 35°45'08"S, 148°54'35"E, alt. 1809 m, on exposed granite, 

P.M. McCarthy 4190 (part), 9 Dec 2013 (CANB). 

16. Rhizocarpon viridiatrum (Wulfen) Korb., Systema Lichenum Germaniae 262 (1855) 

Previously known from Victoria (McCarthy 2014) and recorded here for the first time from the Australian 
Capital Territory, New South Wales and Western Australia, this lichen also occurs in Europe, Macaronesia, 
Morocco, Turkey, South Africa, Central Asia, China, North America, Chile and New Zealand (Runemark 
1956b; Hertel 1985; Timdal and Holtan-Hartwig 1988; Galloway 2007; Fletcher et al. 2009; Golubkov and 
Matwiejuk 2009,2011). 

Chemistry: This species was previously reported to contain 1) rhizocarpic and stictic acids (Runemark 
1956a; Timdal and Holtan-Hartwig 1988), 2) rhizocarpic and norstictic acids (Hertel 1985; Galloway 2007), 
3) rhizocarpic, norstictic and stictic acids (Feuerer and Timdal 2004), 4) rhizocarpic and gyrophoric acid 
(Runemark 1956a), 5) rhizocarpic and unidentified fatty acids (Fletcher et al. 2009), and 6) rhizocarpic acid 
only (Runemark 1956a). The Australian specimens produced only rhizocarpic acid or that compound together 
with norstictic acid (Table 1). 

Selected specimens examined: Australian Capital Territory: summit of Mt Aggie, 43 km WSW of Canberra, 35°28'S, 

148°46'E, alt. 1490 m, on sheltered schist ledges on exposed summit, J.A. Elix 11628 &P.W. James, 21 Jan 1984 [norstictic 

and rhizocarpic acids] (CANB); summit of Sentry Box Mountain, Namadgi National Park, 35°49'34"S, 148°54'H"E, alt. 

1720 m, on sheltered granite, P.M. McCarthy 4114 (part), 4121, 12 Dec 2013 [norstictic and rhizocarpic acids] (CANB). 

New South Wales: Central Tablelands: NW slopes of Mt Canobolas, 13 km SW of Orange, 33°21'S, 148°59'E, alt. 1300 m, 

on weathered volcanic rocks in Eucalyptus woodland, J.A. Elix 23428, 6 Dec 1989 [rhizocarpic acid] (CANB); Southern 

Tablelands: New Chums Hill, above old Kiandra cemetery, Mount Kosciuszko National Park, 35°52'S, 148°30'E, alt. 1460 

m, on exposed rocks in subalpine grassland, J.A. Elix 19126 & H. Streimann, 10 Apr 1985 [rhizocarpic acid] (CANB); 

Southern Tablelands: Umaralla Parish, property of J.D.Wood, portion 113 on Monaro Shire map, along Numeralla road E 

of Cooma, on sandstone rock in open Eucalyptus macrorrhynca-E. rossii woodland, D. Verdon 3681,28 Sep 1978 [rhizocarpic 

acid] (CANB); Southwestern Slopes: Great Yambla Ridge, 17 km SSE of Culcairn, 35°50'S, 147°04'E, alt. 580 m, on exposed 

rocks in grassland, J.A. Elix 23135, 16 Nov 1989 [norstictic and rhizocarpic acids] (CANB). Western Australia: Jarrah 

Forest: Koodiwoodle Range, near Bidgerabbie Hill, 19 km N along Scenic Drive off Rowes Road, 30°48'14"S, 115°48'34"E, 

alt. 200 m, on lateritic rock in Eucalyptus Jicifolia woodland, J.A. Elix 28955, 6 May 2004 [rhizocarpic acid] (CANB); 

J.A. Elix 28981, 6 May 2004 [norstictic and rhizocarpic acids] (CANB); Jarrah Forest: Caernarvon Hills, Dryandra 

Woodland, 17 km NW of Narrogin, 32°48'21"S, 117°03'21"E, alt. 325 m, on lateritic rock in Eucalyptus salmonophloia 

woodland, J.A. Elix 39855,6 Apr 2006 [norstictic and rhizocarpic acids] (CANB); Esperance Plains: Ravensthorpe Range, 

South Coast Highway, 9 km E of Ravensthorpe, 33°35'S, 120°08'E, alt. 160 m, on siliceous rock in dry sclerophyll forest 

with scattered Callitris, H.T. Lumbsch 10839c, 18 Sep 1994 [rhizocarpic acid] (CANB). 

Key to Rhizocarpon in Australia 

1 Upper surface of thallus yellow-green; cortex containing rhizocarpic acid.2 

1: Upper surface of thallus whitish, brown, green or grey; cortex lacking rhizocarpic acid .7 

2 Ascospores 1-septate.3 

2: Ascospores submuriform to muriform.5 

3 Ascospores 25-35 x 12-17 pm.R. eupetraeoides 

3: Ascospores 12-23 x 6-10 pm.4 

4 Medulla yellow; containing only rhizocarpic acid .R. adarense 

4: Medulla white; containing rhizocarpic and stictic or perlatolic acids. R. superficiale 

5 Thallus forming a pseudolecanorine margin around apothecia . R. lecanorinum 

5: Thallus not forming a pseudolecanorine margin around apothecia .6 

6 Thallus initially parasitic on the lichen Aspicilia sens, latr, upper surface usually pale green; containing 
rhizocarpic and Tnorstictic acids.R. viridiatrum 

6: Thallus not parasitic on other lichens; upper surface predominantly yellow; containing rhizocarpic and 
psoromic, barbatic or 2‘-0-methylperlatolic acids .R. geographicum 
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7 

7: 

8 

8: 

9 

9: 

10 

10: 

11 

11: 

12 

12: 

13 

13: 

14 

14: 

15 

15: 

16 

16: 

17 

17: 

Ascospores 1-septate.8 

Ascospores 3-septate to submuriform or muriform.11 

Mature ascospores hyaline, 17-22 x 8-11 pm; medulla 1+ blue (Fig. 2G) . R. polycarpum 

Mature ascospores dark grey-green to dark brown; medulla 1+ blue or I-. 9 

Medulla white, 1+ blue (Fig. 2B) . R. vigilans 

Medulla yellow or white, I- . 10 

Medulla yellow above [rhizocarpic acid]; ascospores 12-22 x 6-10 pm (Fig. 2C) . 
. R. flavomedullosum 

Medulla uniformly white; ascospores 24-40 x 13-20 pm (Fig. 2D) . R. badioatrum 

Mature ascospores predominantly 3-septate, rarely 1-septate, occasionally with 1 or 2 longitudinal or 
diagonal septa, colourless (collapsed post-mature ascospores can be dark brown); medulla 1+ blue (Fig. 
2E). R. distinctum 

Mature ascospores submuriform to muriform, with 8-50 cells in optical section, colourless to dark brown; 
medulla I-. 12 

Mature ascospores colourless. 13 

Mature ascospores dark grey-green to dark brown. 15 

Ascospores 22-35 pm long (Fig. 2FI). R. reductum 

Ascospores 33-50 pm long. 14 

Upper surface pale brown; proper margin thick, swollen; thallus lacking lichen substances; on siliceous 

rocks. R. lavatum 

Upper surface white to grey; proper margin not swollen; thallus with stictic acid; usually on calcareous 
rocks [Tasmania] . R. petraeum 

Asci 1-spored; ascospores 50-75 x 20-30 pm. R. disporum 

Asci 2-8-spored; ascospores smaller. 16 

Ascospores 24-34 x 10-16 pm, (4-)8 per ascus (Fig. 2F). R. intersitum 

Ascospores 30-55 x 17-25 pm, 2-6 per ascus. 17 

Paraphyses anastomosing; ascospores (l-)2(-4) per ascus; apothecia ±elevated, uniformly black; on 
comparatively dry montane rocks, not associated with water bodies. R. geminatum 

Paraphyses ±simple; ascospores 2-4(-6) per ascus; apothecia immersed, with a white rim; on rocks in and 
around Tasmanian alpine lakes . R. austroamphibium 
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Abstract 

Calanthe hancockii Rolfe (Orchidaceae) is reported here for the first time from India, where it is assessed as Critically 

Endangered [CRB1]. 

Introduction 

The genus Calanthe R.Br. (Orchidaceae) with c. 207 species (Clayton and Cribb 2013) is distributed in 
tropical and subtropical Asia, Japan, SE Asia, New Guinea, Australia, Pacific Islands, tropical and South Africa, 
Madagascar, islands of the Indian Ocean, and the neotropics. Misra (2007) reported c. 32 species of Calanthe 
from India, whereas Clayton and Cribb (2013) mentioned occurrence of 28 species of which 26 are found in 
northern India and 2 in the south. During floristic exploration in Murlen National Park, Mizoram in April 

2013 Ramesh Kumar and Sachin Sharma found Calanthe hancockii Rolfe a curious species, which had not 
been previously reported from India. A detailed description and photo-plate (Fig. 1) are provided to facilitate 
identification of the species and the present IUCN-status of C. hancockii in India is assessed. 

© 2014 Royal Botanic Gardens and Domain Trust 
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Fig-1- Calanthe hancockii Rolfe a, habit; b, close-up of inflorescence and portion of leaves; c, dorsal sepal; d, petal; e, lateral 

sepal; f, lip; g, close-up of lip; h, column with spur; i, pollinarium (Ramesh Kumar 128292 & party). 



Calanthe hancockii from India Telopea 16: 213-217, 2014 215 

Fig. 2. Map showing occurrence of Calanthe hancockii Rolfe in India, 
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Taxonomic treatment 

Calanthe hancockii Rolfe, Bulletin of Miscellaneous Information, Royal Gardens, Kew 1896 (119): 197 (1896). 

X. Chen, P.J. Cribb and S.W. Gale, Flora of China 25: 304 (2009); D.A. Clayton and P.J. Cribb, The genus 
Calanthe: 132 (2013). 

Type: China, Yunnan, Mengtsz, alt. 6600 ft, Apr 1893, W. Hancock 78 (holotype: K810926 - image!) 

Terrestrial herbs, up to 50(-85) cm high. Rhizome inconspicuous. Pseudobulbs ovate to conical, covered 
by 3 or 4 sheaths, with numerous fleshy roots. Leaves 3, light green; petiole 5-20 cm long (depending on 
maturity), petioles basally clumped, 7—18(—25) cm long pseudostem; lamina elliptic to elliptic-lanceolate, 
15-30(-40) x 5-12 cm, pleated, with margin undulate, apex acute. Inflorescence a raceme, arising from 
leaf-axil, pale green, 14-40(-80) cm long, puberulent; peduncle without sterile bract; rachis 6-30-flowered. 
Floral bracts persistent, shorter than ovary (including pedicel), narrowly ovate-lanceolate, 7-10 x 3-4 
mm, pale greenish-yellow, sometimes with pinkish tinge, glabrous, with apex acuminate. Flowers slightly 
nodding, greenish-yellow with pale brownish to reddish tinge, large. Sepals almost similar, oblong-lanceolate, 
22-30(-35) x 6-10 mm, puberulent outside, 5-7-veined; apex acute to subacuminate; lateral sepals sometimes 
oblique and slightly narrower than dorsal sepal. Petals subelliptic, sometimes oblique, 22-25 x 5-8 mm; apex 
acute to subacuminate, 3-veined. Lip shortly clawed, adnate to column, 3-lobed, bright yellow, sometimes 
with greenish tinge at base and apex and reddish or brownish tinge above the basal claw, with callus having 
3 undulate keels, keels raised, median keel nearly reaching up to the apex of mid-lobe, lateral keels slightly 
shorter; side-lobes sub-rectangular to falcate-rectangular, 6-8 x 4-6 mm, obliquely truncate at apices, mid¬ 

lobe narrowly obovate-oblong, 10-12 x 3-5 mm, acute to acuminate or sometimes rounded at apex, terminated 
with a short mucro; spur slender, 2-3 x 0.8-1.2 mm, pale yellow, sometimes with greenish tinge, obtuse to 
rounded at base, finely pubescent at outer surface, white-pilose around the mouth, without and callus inside. 
Column 5-7 mm long, apically broad, finely pubescent; rostellum c. 1 mm long, bifid. Stigma large, 1-lobed. 
Anther broadly ovate, c. 4 mm long, pollinarium 3-4 mm long, with pollinia 8, 1.2-1.8 mm long, caudicles 
0.8-1.6 mm long, 4 lower pollinia with longer caudicles and 4 upper with smaller caudicles, viscidium not 

well-defined. Ovary including pedicel oblong-obclavate, 0.8-1.2 x 1.5-2.5 mm, often curved, green, finely 
pubescent. 

Flowering: April-May 

Habitat: The species was found growing on a riverbank in moist soil along with ferns. 

Distribution: China, India (here reported), Myanmar. 

Specimens examined: CHINA: Yunnan Province: Chungtien, Chiren, alt. 2400 m, 11 May 1937, T.T. YU 11221 (PE, 

image); Fugong County, 14 May 2005, Jin Xiao-Hua 6980 (PE, image); Sichuan Province: Emeishan City, alt. 850 m, 

21 Apr 1957, K.H. Yang54132 (PE, image). 

INDIA: Mizoram, Murlen National Park, alt. c. 1600 m, 08 Apr 2013, Ramesh Kumar 128292 & party (ASSAM). 

IUCN-status: Calanthe hancockii is only reported from China, India and Myanmar. In India, we observed 
about 100 individuals of C. hancockii growing in a single patch (of an area <250 m2, Fig. 2) in Murlen National 
Park, Mizoram. We were unable to locate any other population of it within the National Park. Although the 

collection site is within a protected area and is not threatened by anthropogenic activities, it is near to a 
small river and therefore the plants are prone to damage by grazing and trampling by wild animals. In India, 
C. hancockii fits the following IUCN criteria: Extent of Occurrence (EOO, Criterion Bl) of C. hancockii is 
<100 km2 and number of mature individuals (Criterion D) is <250. Although the Area of Occupancy (AOO) 
of the species in India is <10 km2, it is not possible to apply‘Criterion B25 due to lack of any observation on 

decline [B2 (b)] or extreme fluctuations [B2 (c)] in population (if any). As per guidelines (IUCN 2012) - ‘only 
the criterion for the highest category of threat that the taxon qualifies for should be listed5 and therefore, we 
propose that the species be assessed as Critically Endangered [CR Bl] in India. The status of C. hancockii 
at global level could not be assessed due to lack of sufficient data of Chinese and Burmese specimens and 
populations. 

Notes: Based on morphological comparisons, Calanthe hancockii most closely resembles C. striata R.Br. ex 
Spreng. These two species can be distinguished by having an oblong-lanceolate dorsal sepal (vs. broadly elliptic 
to ovate-elliptic dorsal sepal in C. striata), narrower mid-lobe of the lip of 3-5 mm breadth (vs. broader 
mid-lobe of lip of 8-9 mm breadth in C. striata), callus-ridges of mid-lobe not highest at apex (vs callus- 
ridges of mid-lobe highest at apex in C. striata). The species has also some apparent similarities with Calanthe 
fugongensis X.H. Jin & S.C. Chen and C. yaoshanensis Z.X.Ren & H.Wang but can be easily distinguished by 
the shape of its lip. 
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